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event ats coded by al lee poole erp 


Hes cos one Hols wld ene San ns mes mea ot tpl, 
‘he Te fac of Ss Furth Eso ile dca co ts ne el 
ce een ics el ha 
"i ery ete y ding taal poles Thi bk may it ype of problem ot 
yon ell emmepd aha yon a i 


+ Short Check You ti apes bom te me amt he et, The te 
vd peo lp yey he mam prt ne pmo 

1 Section Face ep you comm al the deo x puta tas Chapter Review Eine 

Teak tack ovr the ene chp The reser seeceoe cle hold now 


Enrgoe scan 
pacha 

OGRE tatenatnt nto rapnc 
Baer tet eae 
Sete ea 


The hae principle of amigo prt The ri es fai, he the ron ew of 
span wert hk geen ta some tame mane One You pat al he, 
‘at wl lp you make lame deren bed om deta 


Analyzing Categorical Data 
Displaying Quantitative Data with Graphs 
Section Describing Quantitative Data with Numbers 


Chapter 1 Review 
Chapter 1 Review Exercises 
Chapter 1 AP Statistics Practice Test 


2 CHAPTER 1 EXPLORING DATA 


Inthe 
Introduction, 


+ you'll learn about: 
5 Individuals an variables 


‘From data aalyi to 


inference 


Phat analysis 


Data Analysis: Making Sense 


of Data 


‘Statistics the scence of data The volume of data available tosis verwhelin- 
ing. For example, the Census Bureaus Amnenican Community Survey colle 
dats from 000,00 hous unis each year. Astonomers work with data on 
tens ofrallons of galaiex The checkout scanners at Walmars 6800 stores i 
1S countries record fundeds of malls of ansactions every wee, tn all these 
ewer, the dats are tying to tell us 2 story—ahout US, houscholds, objects in 
space, or Walmart shoppers. Ts hea what the data are saying, we need to help 
them speak by organic, displaying, surmaring and asking questions. Thal 
data analysis 


Individuals and Variables 


contain infrmation boot me poup of indies. The cha 
pene om each dol called vanibles 


A high schoots student data hate, for example, includes data about every 
ccrtently envolled stadent. The stents are the individuals dese by the 
dataset For each indvidual, the data contain the values of variable such as 
age, gender, grade point average, homeroom, and grade level n practice, any 
st of data is accompanied by background information that helpy ws ander 
and the data When you fist meets new data set, atk yourself the following, 
(questions 
1. Who ae the inivils described by the dts? Hew many individu are 
there? 

2. What ace the yriable? fn what unites cach variable recorded? Weight, 
for example, might be recorded in gms, pounds, thousand of pounds, or 
Ielograme 

‘We could follow a newspaper reporter’ lead and extend ou tof questions to 
inchade Why, When, Wher, and How were the data produced? For now, well 
{cs onthe fit bo questions. 

Some vata, like gender and grade lee, simply place individual into ca 
cegories Other, ike age and grade prnt erage (CEA), tke numerical vals for 
‘which we can do arithmetic. makes seme ogi an avenge CPA fos group of 
stodents, butt doeso make sense fo gve a “average” gender. 
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‘meer tate. Zp cade 
‘romps vet Alhough nip codes ae umber, t does make 
reper ore toa about the average np code In ct ip codes lace ils 
prea wagant (people dueling into calpain oto. Some varble—such 3b 
ese enctoy rode, ace apd eccapsbon ae ealegonal ty ate Other elena a 
mre can {Bes are crested by grouping vals of» quantitate arable nt casas. Fri 
Stace we could east people dt sty ae 0-9, 10-19, 20-29, ano on 
“The prope tho oan for a anabe depends on wheter ts ealegn- 
color attain Are portant tobe abl dng es wo 
ype arabes 
Census at School 
Data, individuals, and variables 
CCenaiScho! a iterate 
‘col tens ung ey Habs 
® Sew Zeal, Sols Ae, al the Ute Kp 
2000. Data fo the vey ar aya atthe poet 
‘We wed the nt "Random Dat Select hoe 10 Cada odes who completed 


RaGRG5Gaa 


CensusAtSchoo! 


Pio Internationa! 
—— i 
co oes 


a = 
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Wereee crag shy 


Irhweungn 9a 


Torii sre 
semaine 
rae sara 
Aloe he wr me 
‘ant art 


rosie 

(0) Woowenensniaisetsataset? 

(0) Wasnt were ease wy ach cecal oe uti a esr 
7 

(c) Decree aaa eho 

souk. 

(2) Reda he Ondo sect Sad 

(0 Tees rales eared ae prove Sadr bes (atagorcl gene (at- 

‘gorcl).nmber agg ets (quanta, 9 whole rumba) Ami tad 

(Cavogorca age (quantitative, centimeters) rs cromlrnce (Quarta 

‘hv. llmeters). plod ommenction ert (catego) anrrtineo 

shod (quart, minutes) 

(c) Ts std ies Ora ale ses te anges e-em 

(aon 59s} hss crn 100 aes) ples commute 

Valere htt YOmites te tho. 


‘Mont dat tables follow the format shown in the example —each row 
‘iu, and each column i varable Sometime the inv ate alld eats, 

‘A vara generally tas vals that wat hence the nae “variable. Cat 
ceporicalvarales sometimes have salar counts in each category and sae 
times don. For imtance, we might have expected sala ruber of males 
and females in the CenuesNSchool dat et. ut we aren surprise lose that 
‘mont students ave rightianded. Quantitative yarisles may tke values that ate 
‘ery cloe together of ales tht ate te prea out We eal the pater of a 
‘bon fa yarable is datbution. 


For 


ase ribet and how chon 


Section [1 beg by looking at hoo describe the dtribution of single ca 
cegorcalvanable and then cemunesrlatiompe between categncal sariables, 
‘Sections 2 and 1.3 andl of Chapter 2 focus on describing the datibuton of 
quiniatne vaable Chapter 3 smestgates rclatinaips etween to quanti 
fe variables In each eae, we begin with graphical daplays, then add numerical 
smimares for 3 more complete decrption. 


shipramong the varies 
+ Start with a graph or gaps Then ad merical summaries 
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apace 


[ake ea car bl who mats oi out ore abet the vehi tl tide tip shea 
Ae He ges permanion ogee dent pci at aed ced ee dat ate, 
(dcssrnc tsar abet cach mel of etn the ert Pally, oe makes pread 
‘het ht clench at mel yar, col, mame of ender, a leape, weg 
Gelvhohe eh anew cm 


1. Wa ar the ind Jb sta? 
2 Wht re Jobe mcm? Wen cach cael quire, 


From Data Analysis to Inference 


Sometimes, wee interested in dravin, conchsions that go beyond the data at 

Inference hand. Thats the ides of inference tn the CensusatScool example, 7 ofthe 10 
randomly selected Canathanstadents ate right handed. That's 70% ofthe sample 
‘Can we conelude that 70% of the population of Canadian students who pate 
ped n Cenacle ght und? No, aoe rom ape o 
TO suds war selected, the percent who ate right-handed would probably not 
be exactly 708. Can we atleast sy that the actual population valu is elo" to 
TOR? That depends on what we tcan by “ele” 

The fllowing Act ges you ania of hom statisti inference works 


ACTIVITY Hiring discrimination—it just won't fly! 
“MATERIALS: Deck of cards for each student or pais of students 
5 sneha jut ried ning 2 ples —15 male and 10 ome —10 
‘ecm cpa Ufc Steg cpap ae esse 
ide Ae ees ates el a ry 
‘Se ich pla wil le ble penton, The neal 25 
fro wil be wien cn ete Sip of oper, hich lb acd 
Tk med oh an dwn oe oe a ell Sigh op 
‘oes lone been ened 
"Ady lt manage noun the rel othe ie. hee 
fobs Comm: ss sand Sas Yara ot sa pas ve 
Set ceed spect at ety et ot aed el iy: Ore 
Shee ps ok yr ss clan Grave oat weer flrs 
nerve pl een, 
"Te bey usd is he dtminion ce sem to be: old he 
sans ae kad ha chat To el en you andy causa 
(Sie sly pes ln meagusel ayu 
1, Sept thc eo yilesynUte ca fer oemi o 
the bel pts Toren te 15 mae pcs yu ved al aro 
(ps eee eh cc ated 
tere elo co bm ek sel opts at 
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2 Shute you stack of 25 cards thoroughly and deal 8 cards Count the number of 
female pt selected. Record this value i a able like the one shown blow: 
Tat T 
Ne offemalen 


5. Retum the 8 cast your stack Shite an deal four more ties so tal you 
havea total of ive sitmalsted Teter esas 

4. Your teacher will draw and label ans for clas dtp. Each student should 
plot the uber of females obtained in each of the five ulation talon The 

5. Discus the resuls with your clzsmates. Does it seem belicrable that ine 
‘managen carted out fai lttey? What advice would yu give the male pl who 
contacted you? 

“6. Would your advice change ifthe lottery had chosen 6 female (and 2 mal) pilots? 
explain 


hs ee rl yf i ap 
pe Se a ea i, 
itp ag i an en ak 
icy ee he ce 
‘ime ha he 
inns as Setocmemee cn 
tosh 


Summary 


“+ Adata ct contains information on a mime of individual, dvds 
ye peopl anima o fang Fore nda he data pe acs 
{or ome tr more variables. Ararable describes some characteris of a 
‘nda, such a: penon’s eight, gender, or ary. 

Some aiables ae categorical and others 2re quantitative. categrial 
variable places each indridua into a category, such 2s male or female. A 
(Guimbilane arable har mimencal values that measie some characterstic 
ofeach individual such as height in centimeters or layin dollan, 

|= "The ditribution of variable desribes what ylus the variable takes and 
bow offen it takes thems. 
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Exercises 


|, Prteting wond Hw can we bl wond mario 
ren weathering, penuly when steer 
Sroaden bangs? Ia tay 
‘rear prepared mode panel nd tem 
‘Spnedthem tothe weather Her are me othe 
‘stables recoded pe of wend elon pope, 
Pe coda) pe af eater repent Gobet bed, 
Step teen pa 


fps wer the abject he ody Here te 
‘ome of he warble eorded gender (make 
trial) ae eae (Aaa black hie or 
‘er mole yer fw le Bd prema 
Uc of mec eve evar in ie 
‘ood (oops per miter) Went ac 
fated pain 

‘Acta ye Hee a all 
‘kerbs thes ay AP Static elm The 
‘kts come rms anorymone raprne fo a qesion 
tie fille to Be i day of la 


thc at et tat 


meat 
ight Honest Forte cng 


we 
ayers 
wok 
Fe th 
wok 


5 aking eg ier apie el eles 
Seen ae egal 
aie bee 

aie pete wie tre 
Tpreent ts t et i ad 
eet tr peenetn a 
6 Sen od VY ppg si he 
Soccer ba opted le 
Deo reg led te ine 
eva i th ed a et 
Creer ona Coartme ti grins 
= 


Mtipe che Select the het nave, 
Eran and fer the felling ting AY the 

(Cer ens Wie, you coe etd dato 
lected by the American Coma Survey The ale 
‘ee ect deter 1 pope hoten endo 

(xn he eee the one cinta 
‘caced ty the sre. Sehool res the bight eva 


(a) What idee doch dataset deri? 
(b) Cleary eri cack of he artble: Whah ae 
(pul In lad tire ty enced? 
(e) Desebe teal ithe hghited 


4 Coy cnc My pete tio 
fom Annee prt fo merce ance 
fier seat ane drtee rarer 
epee crenata tive opeecl 
Berd 


Todecatin coop 
ya ome 

mig Age leo iat 
©) tm) tow ancy) 
wet ne 
a 
ee eee) 
sey mmcangee 1 cao 
Ce ee) 
Sm om Meme 2 
23S Mena 2 to 
re 
zm Mpeg 1 am 
me rm 
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ee ee A Thin dtest emt 
(a) owchalde ——(d) 20 yale (a) 7 vais, 2 of which a entegoil 
(b) people (6) ookrmen (by Trail | which enteric 


(e) ade 


Frequeney table 


Relative fequency 
table 


(e) Grails, 2 which ar xtegrieal 
(@) Gyarible | which enteric 
(©) Neve. 


Analyzing Categorical Data 


Teal of ee ie ea eth cin hn mae 
“male The dns of» een varale te eatin 
Fhe Sot fe oe a 
fre aneam 
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Bar Graphs and Pie Charts 


Fecha Cahn of mb tk ie oe Yo xn eae ht bt pho 
ot gurh dip the dibaten ofc aa mei, ge.) dha 
splay fr the tration of rato stations by format 


Frage err ca | 


ia em 


cose ot 


clots ard 
(roume 09% fate 
eGo rma 


Poets ne 


PEPIP IP OEE 
fae Whidtasurpedtiateadeene, 


Do the data tell you what you want to Inow? Lets say that you plan to 
buy ado ime to advertae your Web site for downloading MIS muse ie, How 

"BOOT Pipi eth dt oP 11? Not yey Yo ae ot nerd in coin 
‘ations, bot in counting itenen. For example, 146% ofall stations re eligious, 

but they have only 3 5.5% share ofthe rac audience, according to Arbitron, fn 

gq Behyouatet even need inthe ene ado sudence, Beene MP ere 
‘ae monty young people: You realy want lo now what Kinds of radio tations 

‘each the Lrget mumbes of young people. Away think about whether the data 

you have belp aver your queens. e 
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Bs gr 2 sh atest 


chats show the distribution ofa categorical variable a “pie” whose ices 
are sized by the counts or percents forthe categories. A pie chart mat include 
Ail the categorie that make up 2 whol. Inthe radio tation example, we needed 
the “Other format” eategry to complete the whole al rato stations) and allow 
listo make apie chart. Use pie chart nly when you wan! to emphasize each 
‘alegy’ relation tothe whole. Pie charts are awkward to make by hand, bul 
technolagy will do te ob for you 


Bar graphs represent each category asa bar The bar heights show the ealegory 
‘counts of percents. Bat graphs ate easier to make than pe chat and are alo 
‘ease lo wea. To conince younel, try Wo we the pie chat in Figure 1.1 oe 
‘mate the percent of raha stations that have “Olde” frmat. Now look tthe 
ar graph its easy fo ee thatthe arwer about 

‘Bar fap ate alo ote exile than pie char. Both graphy ean daplay the 
tbat of categorical yatable, but 3 bar graph ean sho compare ay et of 
‘quae that are meres the tare ts 


Who Owns an MP3 Player? 
‘Choosing the best graph to display the data 

le ayer, such the ae popular—ut 
rae ie ree 


ese pa piensa ea 


“ge group (ears) Perceal owning na payer 
races 


(a) Matezue uber ph pate ata Desc ot yous. 
(0) Monit bopper tomate ape cart orks tal Why ora st? 


(a) estar by eager ges ore ert sap hoo a 
ie goes ote erica Fr het se which smensrdimpcert wtart tO 
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gra t060 ahi mars ray TO Teter cah age cates deat 
‘hare hei arespndng the percent of sae respons Sd 
‘hay ae as Mpg Fue 1? stows the compete br raph pers 
‘a MPS pers ere poplar amg og pepe ate popay 
prey desea te cer ASE 

(0) Maingate pin ese dita ast appopteecaseack 
(premntetaereersto dire ag grat oats os wl 


e For Praclice Try Exercise 15, 


ene etre 


rere wi 


‘aren en 


FGURE 12 Ba geek cane 
paingtieperensclsewn = Graphs: Good and Bad. 


ge gop wo compre 
pape Bar graph compare several quantities by comparny the heights of ar tha ep- 

cs homer, acto he rea ofthe bats a well 49 
have the same wih the area (wth height ates 
‘and our eyes ceive the right mpresion, When you 
the burs equal wide Artistically speaking, bar graph ate 
to replace the ban with pitts for greater eve appeal 
‘Don’t dost The following example shows why 


PANTIE Who Buys iMacs? 


Wen pls nnd te Mt copy wt tow wh 
{ths sew compuler wav expand Apple’ markt shar. Wa the he 
Fay haope pone acne come orig pea 
br iste complet Byers and by previo RC acs who west ching, 
Oe Tod oot Appl ted econ ary of 500 Mae to 
trv Each somes on alguien compe purchase,» pes 


spiced saree ene 
ee 
z ——— 
ye os 
He ak 
fpr nee e an 
ioe 
 cppemeh ie =agng (0) Tax possibe har graphs of the data ae shown on the next page. Which one 
Prion ompmer (tl eid pone Mi cao 
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(0) Meu guph ceteris minding By staring the wet salt TOhsteal0, aks 
eth prcer tac hers whore wna Fs es thank the perc wha te 
compres We deter mrs of herein prs the re ces. 


There ae two important leans to be lean en 
ptograph, and (2) watch thoe sales. 


Two-Way Tables and Marginal Distributions 


We have learned ome techies for analyzing the dbution of 2 wing ete 
sprical arable. What do we do when a daa st tvaves wo categoria] varables? 
‘We begin by ceamining the count or percents n various ealegorie for one of the 
variable Hers an ewmple Yo show what we mean 


Tm Gonna Be Rich? 
Relationship between two categorical variables 

‘Ara of 4626 ena lcd ng sis kd “What do 
Justine clean vale ich fats eiade asian ot 
13ers he epmacoaing ew peopl ho fed 


cxample(1) beware the 


‘ich 


Tor 
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"This s two-way able because it desrbes two categorical variables, gender and 
opinion about becoming rich. Opinion ithe row yriable because each row in 
the table describes young adults who held onc ofthe fie opinions about thelr 
chances Because the opmions have 2 natural oder fom “Almost no chance" 10 
“Almost certain the rows ate abo inthis order. Gender s the clu variahle. 
‘he eis the le the cou finds each ep ger 


How can we best gap the information contained in the two-way table above? 
Fst, lok tthe derbi of eack arabe separately. "The disnbutan of eat 
‘goricalvanable says how een each outcome occurred. The "Total" colur 
tthe right ofthe able contains the total fo each ofthe rms. These row tah 
{ve the distribution of opinions about becoming rch inthe ene group a 4826 
‘Young sdulte 19 felt that they had slmext no chance, 712 thought they had 
just cme chance, nd soon. (the row and column totals ae ming, the ft 
thing todo in sting a two-way table tt calculate them) The dtributions of 
‘opin aloe and pend sone ae called marginal distributions because they 
[ppc at the rght se botiom margin ofthe two table. 


Ircent a offen more formate than cons, expecially when We ae om 
paring groupe of diferent size. We can display the marginal ditbution of opin- 
fon tm percents by dvdng each row total by the table tal and converting 4 3 
peteent For inance, the percent of thea yong ads who think the se ant 
erat to be ich by age 308 


shoe certain 
‘abl tt 


I'm Gonna Be Rich! 

Examining a marginal distribution 

rose 

(a) Use the data t-te toca te arya distri (mprces ot 
spa 

1) ates plate mrp asrbrticn Dsebe tyne 

sauna 


(3) Necand ow mre casio eh on sown ab tttithe marl detbosot 
Lpasinpocens Hoviethe compe detrotion 
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ho ety 38 


ach marginal datibuton fom 3 twoway table i 3 dstbation fra single 
vale. As we saw eae, we eat use ba graph or a ple chart to 
‘ch 3 datibution 


‘CHECK YOUR UNDERSTANDING 
Une the dat inthe es abe om pre 12 eee the marl ditto 
(in pect) freer 

2 Makes phi ply the nae dna. Dee whl you se 


Relationships between Categorical 
Variables: Conditional Distributions 

“The wosay table contain mich moe hifi than the vo magna di 
thiton of opinion shoe and gender alone arpa dueibuton tela thing 


siete ved relia eocse soni teh 
‘nc re mt sau hie psn 
‘ou prin eb a er be 
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‘We can study the opinions of women alone by looking only at 
the “Female” column i the two-way table, To find the percent 
cof you women who thik they are alma certain tobe ich by 
23 30, divide the count of such women by the tata number of 
‘women, the column ttl 


women who ae shot cert 
colar 


‘Doing this fo all ve entries in the “Female” column gives the 
conditional dtibation of pinion among women. See the table 

the margin. We we the term “conditional” because this dt 
tion describes only young adulls who satisfy the condition that 
they ae female 


_A conditional distribution ofa variable describes the values ofthat vanatie among 
_ncfvauas who have aspect value of anche arab. Toe a separate 
‘condral drut br cach abe ol he of vara. 


[Now les examine the men's opisons 


I'm Gonna Be Rich! 
Calculating a conditional distribution 
OSL Cette taconite tp aman the men 


‘SOU Toad the pecan mero hk thease cea te eich ge D0 de 
‘ecu ot sack mony theta mero men thon ta 


(© feeder ees ete Wal co a ge the contin ste show i 
ete 


e For Practice Try Eurese 21 
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Soforate wil caleulste conditional dstibuions fr you. Mos programs allow 
you to choose which corational distributions you want to compute 


“There ate two set of conditional ditbutions fr any two-way table. So fa, we 
‘have looked atthe conditional drbutons of opinion forthe two geriler. We 
could abo examine the fve conditional distributions of gender, one for each of 
the five opinions, by looking separately tthe rows in the original two-eay table 


Forimtane, the ibubon of gender aon ene Who roped 
“Almont cera 

Female Male 

4 L498 pi 


ios ios 


“Tati ofthe young al who mi they were alot certain ta berich by age 30, 
#4975 wore female and 38.15 were male. 

Because the variable “rade” has only bro catrgores, comparing the five con- 
tional dstribotons amounts to comparing the percents of women among youn, 
‘dull who hold exch opinion. Figure 5 mae this comparison in 2 bar graph, 
“Thebarbeights do aot sd to 100, became each br represents a diferent roup 
of people 
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wis 
i: i: 
H 7 h : 
=e ee ee 
= = 
ORES Bepeomperytecet ONES Smet pete co 
Slincoccas — Claanamarcaseananne 
Sones 
Scented bar gph _ An sarate shar page ge 1 aud a pls 
scetdeg Piper rea air cacget eee ecard leet 
“egmens” that corespod tothe diferent gendn The height of each sgynent 
Sy we fare peg cae emg eee te 
a pee cr ae pce eae ec pl! te 
Sint ela mle 98 od ae 1 Nee a ac has 
wl hago tt 
‘ied conionalastbutins shuld we compa Cur gl il sng 
torte tends be cba ie: peas econ Sse 
Tincetog i es yngba ar dy cate he cocoa 
‘ABOOT — dhtnbution of opinion forale and femal Then we looked athe condioral 
Seabee of one chee fie piso cnet: Whe see 
peta Ere tae ts 2 ed se har sega 
@ Serta ope tep opie cnge keer cae ae 


renonable fo thik that gender might tflucice young adil’ opinions abou! 
thei chances of geting rich. T se whether the data support this idea, we should 
“compare the conutenal dtabutions of pion for women td met 


1D Make avd enon of Figure Lh nck youre rn Question 


Organizing a Statistical Problem 

As you Team mone about statics, yo will be aked to solve more complex 
problems Although no single sratxy will work on every problem, it might be 
Felpil hare 2 gene rsmewor for gaming yur thinking, ere 
step proces you cn ll: 
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Te a 
‘cnon gerbe Conk Che yor pcr conch ning othe el we pole. 
wtowseney 
Mary examples nd arcs ths bk will you wh fo do—contct 
2 pop pm cleat, eyes ren and oo Rel ae prob 
ietedo cone wh och dtd trac ewer Pr orn 
‘eum se compe snd execs toe elie They oe ed 
‘ih ibe fcr sp mt Use te ure pocen age sch tes prob- 
Ie 2the filling mp te 


Women’s and Men's Opinions Y, 

Conditional distributions and relationships 

lon he me atc ne cone tl angen td wre 

Peale heels eet lle 

“SATE then ee gender dpe 

Baseman ae qin tapenade deeper 

‘mova de cn comes 4030" | 

Lonem | PLA Weampec tt ger nts you as 

mm | pe seh cnc eng Se ep hel 
‘nsdn etapa tr me le tern ln 


7 ue 
Arno ro ance s 
os 

ecomns ne 

Asa cance B-an 
— = 

PURE Snir eoaey 2 on 
poo orpengrecono & 
Epon = 

sector a 


Silelyose bor snap) D0, Wetmes ede side ar raphe compan the pin tenes. 
awe dep compl 
CON-LIDE Baedothe samp ts neem sons reps ae te et 
icone har oes ese thy" roi at 
wones( 116th 1803} Meee mor iy tos ht hehe "sgn csc (20. 
B00 rae‘ (24S 2050) he ch ana cso 


me0tansoner nee. 
Qs: 


ring Categorical Data. 19 


os Weconld ne weds seen bar gop compare 
: the datrbbo ef al snd ema ropoe i e pe 
* ‘ow example Figure 15 shows the completed graph. Each 
2 terhos esgic —one each of op cage 
y: tex st cli cmpae the pened 
7 {Sats netted” ert 
5 the tw bes tle lector on evel 

= The idee ar gap n Figae 1 maks cmp eae 
= eth pope pvc dene of on secs ce eer and 
oe gree et Lar wel tn see of ing st te 
oe Slo ee vette pi) td ea een ty 
RUG 18 Sagres suahnaen wihpeticwioce cet wre Gen) Mer ae oe 
RG 18 Semin hc canes af beara hee bes calegacg wore id 
greicrmrafacntins chance bl pba mt ch ore pty Can wey a ae ba 


_anociation between pend and opinion in the population of young als? Making, 
thes detormaation eguts fra inference, which wil have Bo waa few chapters 


DEFINITION: Association 
‘Wo sya Pare anassoition between to varies pce als of one 
‘ais ono cca in commen wih speach fa. 


DATA EXPLORATION A Titanic disaster 


{1912 the foxy lier Titan, on ft voyage acrom the Mant, struck an 
fecberg and sank Some pasengem aot off the ship sm Iifeboas, but many ded 
“The feos table below pes information about aul passengers who lived ad 
‘who ded, by claw of travel 


rn 
cassctmmet —Suved (Died 


er anther table that pa dao sual ta by pee and as of ave 
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‘The movie Tene, tring Leonardo DiCzprio and Kate Winslet, suggested 
the following, 

“Fintan pasenger received special treatment in boarding the ifsboty 
‘while some other patengers were prevented rom doing wo (expecially thin-las 
amengers 

‘+ Women and children boarded the hicboats fist, fllowed by the men 

1 What do the data tell us about these two suggestions? Cave appropriate 
aphical and numerical evidence to spor! yt anewer. 

22 How docs ender fect the relationship between clas of travel and survival 
statu? Eaplain 


Simpson's Paradox* 

Inthe mot eee cae, publ for a socio between Wo calegea 
‘arable be evened” when we cone thd arable Here han example 
that demorsttes the supra ta shay he nsec tet Od. 


Do Medical Helicopters Save Lives? 
Accident vist te omnes atin by opr onthe ace cnt 
Sissies unc Rip toe a(S eae a fea 


fof accident etm who de with helicopter evacuation aed with he ul 
xp by rad Hee ate hypothe! data that Mat a practic 


Tieicopter Road 
Vera cy 0 
Verma 10 
ow m___s10) 


‘Weser that 32% (64 out of 20) of helicopter patients ded, but only 24% (260 out 
dacoutapi, 


of 1100) ofthe other bd. That ems 


Inspect these tables to convince yourself that they describe the same 1500 3c 
cident victims asthe orignal teo-eay table For example, 200 (100 + 100) were 
moved by helicopter, and 6¢ 18 + 1) of these died. 


Hi ig pi bit ged rt AP Sam 


How can it happen thatthe helicopter does better for both groups of victims 
but wane when all esins are lumped together? Examining the data makes the 
‘explanation cleat Hal the helicopter tansport patients are fram serous acc 
‘dens, compared with only 100 ofthe 1100 ad transport pabiens So the helicop- 
ter cams patients who ate mote likely to de-The seousnes ofthe accident wax 
"lurking variable Ut, ant we uncovered i hid the tu relationship between 
sedi tet es bp Th ee Ste Si 


Sree 
data for al values of 
scales Simpson's parador, 


Summary 


+ Thedttuton of aac vise th capri he 
Cont regen table pct late gue blo sh 
tat il ch cage 

‘+e chs dba gpl dpa dion of cao vibe 
2a papi can detected gaia mead ne me 
iat When cain sy ap, unl What do ac 

+ Ata ef contenido epic able 
$osey alent ose ge amo of neaton 
bypeefegeccomer a cape 

+) Theror bt nd clr ttriva tay ile pehe agl 
‘Sabot ef et nade va: Hideto pret Bee 
‘Resins pce ote sl tl il ttre el or 
‘ethno ieacaip been i tbls, 

© “Theme nowt cfr dette ira yl: the 
‘hace tn pal er ft cht aed 
Mca cic rene i et vor a iow vt 
‘souy watt ote sepa ar gph (poy agente ar 
lois ieee 
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fe: 


Asati problem has a eal-wold ting You can ora many 
problems sng the fou sep state, pln, do, rd conclude. 
“Ta describe the anociation betwee the ow and column vale, 


compare an appropriate set of conditional dsibtions. Remember 
that even a strong soncation between wo categorical variables can be 
Inaenced by oer vanables ring i the backzyound. 

‘+ An asociatom between fo variables that olds foreach individual 
‘aluc of thie varable can he changed or even tevened when the data 
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(0) Make anew gph ht ending, 
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Telos graph an yence hatte aneme Yex™ 
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“dl the condianal dba of pon one 
faceless 
(6) the conden een of Amon et” 
mong ome 

1. What percent of hone who thought cy wer alent 
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Displaying Quantitative Data 
Insecion 12, With Graphs 


you'll learn about: 


To dupa the dition of «categorical vail, use ar raph or pe 
 Daplets chart. How can we pictute the datribation ofa quantitative variable? In this se 
‘Deeg tage ee roe eel psf gap Bt at be wel dp gate 

5 + Comparing dsiutions 
+ Seng 
+ Hisograms Dotplots 
+ Ung histograms wisely One ofthe simples gap to const and interpret va dapat, ach data al 


ta shown asa dot abowe fs location on a tumber line, Wel show how Yo make a 
DDotplot —dotplot using some sports data 


Gooooaanaalllll! 
How to make a dotplot 


Ho god wa the 304 US. nore et ea? Wil yen Ik Bal 
‘Chastain, Mia Hannm, ad Briana Seury, the team pul 

Showa ca ue inng he al med at te 390 

“ere aze data the nutnber opal cored by the teary 
ding the 2004 neaion > 


yor7s24ssit 
33212224356 


A, A. (Sapa ene 
a ea a i) lb wt tal os, 
ities eve mee opr 
Sl eS by ing oe we od in ao 
ne sabe Pree a the rca nuraberof gals cord wa 8, 
epee treet as 
pacieenny 
iyasts Rts ae tues we hore 
peer tripeeyttey tacit 
bere Iepaiorsoor i 


SSR Apts aren oS e 
SOA 


Making 2 graph isnot an end is ie The purpoe of 2 graph eto help we 
understand the data. Aer you make a graph, alway ask, What do Lace?” Hete 
|saynral rater for mnterpreting raph of quantitative data 
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Mode 


How to Examine o 
tn ook for the veal pater sd fr om 
foe ‘pattern and for striking departures 

‘+ You can deeribe the ovr pattem of 3 ditnbution by ts shape, center, 
snd spread 


‘An important kind of departure i outlier, an individual valu that lls 
‘outeide the veal pater 


‘Wellcam more formal was of describing shape, centr, and spread and ident 
{ying outliers shoal For now, les we our informal undentandingof thes eas 
tt examine the grap in Figure 19. 


‘Shape The dotplot has a peak at 1. This testes thatthe tars mont frequent 
‘umber of goals cored in Eames that season (kw athe mode) was 1. os 
‘ofa games, the US. womens soccer team scored between Land 5 goals, How. 
‘ve, the dstbation has ln tl tothe right (Later, we wil decrbe the shape 
(of Figure 1.9 ar kewed tothe ight 


‘Center: We ean dexetbe the center by finding 3 valu that divides the observ 
tions so that about half take lars vals and abot half ake wmaller vale, This 
‘alae called the median ofthe dstbution. tn Figure 1.9, the med 3, Thal 
i mapa game during the 2004 sean, the US waren socet tea scored 
about 3 goals Of coure, we could aun sumenaiz the center ofthe dtebuion 
byealelating the average (mean) enmber of gals scored per game, For the 2004 
savon, the ea 1.08 gpk 


Spreu The spread os dation tells ws ow much waka there i Ue 
dts, One wa to describe the variability to ve the salle and largest was, 
The speead Figure 1.9 is rom 0 goals to 8 goals scored, Alkemabiely, we ean 
compte the range ofthe dtibuion by subracting the smallest vale fra the 
Targst value. For these data the range 8 ~ 0 8 goal 


‘Quilter: Was the game in which the womens team scoeed geal an outlier? 
ow about the tens gal game? Thexe vals ifr somewhat from the overall 
pater. However, they don cleat stand apt fom the resto the dbo, 
For now, lets age to call atention onl to potential olen that sapget sn 
thing special about an obmereation. kn Section 1.3, we'l extablish a procaine fr 
determining whether 3 particular dit aloe tan outer 


Are You Driving a Gas Guzzler? 
Interpreting a dotplot 
“The Eavoonmental Protection Agcy (EPA) isin change of dete 
og a epg il emmy ang er (ee ase 
‘snow sicker on 3 dew ca) For yea, consumers computed hat 
thr sctual as aleages wet noticeably lowe than the ales repr 
ced by the EPA R scons tha the EPA less—allof which are done on 
fomputenzed devices to esate consisted not consider things 
| ike Stdooremprstr, wef the at conditioner, realistic accel 


Forty we etna 
tee ifs 
fandom eg 
Weanataie wees 
‘iar wag Pe 
ta em meet 
td 
Pensenoerensog 
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tna raking hy dene: 2005 he EPA change the mato fr met 
gprs beara eee mentee 
‘eo post ctl ie ge 
‘pion (ape fers sop f 24 meoel yo 2009 da ce re 


errr nh) 


VOR Omerbe te ap eter ede Be dita Meth any utes? 
S00 a ye SCS tet tr read) Shape sept ct 
ounces cnn game cn gt 281650 a ar tod 
‘Sapu Nahe uray pte tcoaP 222 ea earn mp 
‘nitrogen Carton eas 28 Sot pa meaty 2008 ear 
[pete Beep pect iy Spa een ce S3p eee 
peers 14 1dny Outre Weartnelcrcan wena 
perp tra eps 


Rasa Parin Bmp) Tec apd rs 


Describing Shape 


When you desribe a dstribution’s shape, concentrate on the main features. Look 
for majoe peaks, not far minor ups and dowas inthe graph. Look for clusters of 
‘aloes and obvious gaps. Look for potential outers, not just forthe tallest anid 
LErget oburnations Look for aah symmetry or clear shewnes 


ht seo the graph (cntaing he hat 
much ooger tan hee side is ekawod to 
ch enge than eri se. 


lection where most obwrations em clasered. See the draving it 


“The divecton of shewnes the direction of the ang til, not the v 
‘the margin for acute but corny way to help you keep this straight 


Frhisoun sy wich ey 
shoud Me Saresgo"stewrg? 


PGURE 110 Cop sie tet show hy sma hued a 


thou he dtp in the previo camp have diferent apes, they do 
Usimodl hve stings aD ee ead Ko ey hve cgi fs 
the ph of dice ll at > ad the gap of tr cores 90. We dn count 
ia pa dow a phe he hp 9a 10 edhe 
ols peaks) Figure 1.11 3 dopo of Ye dation in mts) of 20 
‘ruplions of the Old Fahl geyser We would describe this debution’ shape 
Signodsl Sr Bimodal sce thas two clear peaks ene ear 2 miles and the eer neat 
45 mints (Although we could eons the pair with “imoda” er ie 
peas and oon, as more common rer dntibtions wih more th Koo 
Multinodsl ler peaks mulimodal) 
What shape will the graph have? Some vaiales have dsribution with pr- 
‘dctable shaper Many biological mensnemenis on nda from the sme 
Species and gender lenge of bid bills, eights of young women have sym 
tte tutions. Salaries and ome prices on the other had sly ave 
ations There ate many rndertly priced howe, or xa 
Ble, butte ew very expensine mansions ge the dbubon af hone pices 3 


strong rightakew. Many distributions hae imegulr shapes that ate nether sy 
‘metic nor skewed. Some data show other pater, sch athe two peak in Pigs 
‘we 1.11 Use your eyes describe the pattern you se, and then ry to explain the 


= 2 


‘CHECK YOUR UNDERSTANDING 
Th at pe epi the mtr of hing prey ahs a 


1. Drie the hap fhe detains 


2 Dewrbe hecnkr ol the datton 
1 Deere thes the dation. 
Let any potential aes 


Comparing Distributions 

Some ofthe mont ntrting attics ution mol comparing No OF mare 
_70ups Which of two popular diet lead o seater long-term weigh loa? Who 
tex moce—males or females? Does the numberof people living in 3 household 
differ among counties As the following example sugges, you should akays 
‘daca shape, center, spead, sad pomabl oem whenever You compare dist 
‘butions fs quant variable, 
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TT Wee 


Household Size: U.K. versus South Africa 

Comparing distributions 

ow do the rumbers of people ling in households inthe United Kingdom 
(UA) and Sous Alica compare? To help anewer this question, we used Cer 
SsuxAtSchools “Random Data Selector to chose S student fom each county. 
Figure 112 a datplot ofthe household sizes reported bythe survey respondent 


(ORL Competitors cms 
So. ow ee SS Shape easiness 
teh metre mtd eatin rt Sort reason sto 
‘tert af will Cone eh sy rth Sts a dredge 
Sovtriek ds anh asr  prap pepe 
‘pny Sproat ei ee ran perspec se bre 
‘eta srs he sees erg re Seth Anais 26-3 = 23, 
poche Kain 2~ ype Ova er apo 
Itypourtloren tk arr he Sata cn trea ei 
trae alban sass eprint 9 26 
pee (ets we? precy cad tr ah lc 
Posie wrt) 


FIGURE 112 Dope t use 
oiler nom roe 

(50ers om rid 
Kegon snd So Nee, 


Qiere 


Notice that we dicted the ditrbutions of ouschold size only fr the two 
samples of 50 stdents nthe previous example We might be interested in whether 
the sample data gre ws comincing evidence of difference in the population ds 
tributions of hourchold se for Sort African the United Kingdom. Wel have 
t-waits few chapter to decide whether we can reach such a conclusion, but our 
abut to make sach an inference er willbe helped by the fat that he stents 
in our simples were chosen a random. 
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Stemplots 


Another simple graphical display fr fay small datasets sa stemplot (0 ealled 
2 stemeandeaf plot, Stemplas gre ws quick picture ofthe shape of x distribu 
tion while incling the actual wera ealues inthe graph, Here's an example 


Stes 
a 
‘Making a stemplot 
rice ee fo aoe 
ae Seen wens conn «sey Macy sels eid 


‘sop of 20 frases ftom tht schoo. Then he recorded the 
et ofp of has tha cach end pate hn Here 
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Fre dps ling see Fig. dpe roe 
‘Separate each obmervaton int «stem, corusting of all but the fina 
igh ond «leaf the inal digit. Write the ems ta vert cluona 
hint eth over i te ho i om. 
eer ay fi : 

uli cestrbpedepaotoratet lperetenees 
ie epheals oo eray le 
© Write each Jeaf tv the row to the right of ite stem. For 
‘Se ist pin ess 
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frre may hang, nobmrencavane moann © Pid hy tha expat in cont what hot 
Forbes Presets 


‘The AP Stasis students inthe previous example aun collected data frm 
random sample of 20 male students at ther school: Here sre the numbers of pai 
‘of shoes epocted by each male in the sample: 


“woz 6 
wud 


“What would happen if weed the same appasc ax before: using the ft dts as 
stems andthe a digs eaves? The completed strpla shen in Figure 11a). 
‘What spe dest dsbation ane” Itt fico tel who few ses. We ca 
Spliting stems getabeter itue of male shoe ewnespbyspliting stems. 
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Mack trback stemplot 


mn Figae 1.14), the yalus fom 0 to 9 are placed on the “U" sem. Figure 
1.140) shows another stepot of the same data This time, values having eaves 
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(om wae PES FIS- A 
75. ‘The center of this distribution ix in the interval nic sacar 
Ouest ees 


pg fem hadi 
Gaewae  letn esperar ieee 
Lees (ole ircinesiamess 
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pak eacemnre edie aeons (0) Wn pra fi mer lay 
cb tecsay tensile frat Wanye ons esl ene 
[pe isan errs rare “ue 


by tee id Re 7) Rinks of playing sce ||) Refer to Exerixe 77 
eel goes 

—- Ome 

=e ee 

Tee soa 

Saat asa 


Describing Quantitative Data 
‘with Numbers 


ae lng do ppl spe acing towel? The ave ay pend on whee 
thy tel ts tes keno Reh Ca 
Chose stand by the Ca Bare 


30 20 10 40 25 20 10 6 18 4 5 0 12 10 


‘We acer? surpried that mont people estimate their travel time i maltpes of 
5 minutes. Here i serple ofthese dats: 


ols 
$ | davo2s 
2) 005 fea 
a eee 
{jo [= 
5 
tle 
“The dtibution is and rightakewed, ‘The Jongest travel time 


(60 mires) may bean outlet Our goal inthis section i to describe the center 
Sind spread of ths ned ther dations of usntttive dat ith mimbers, 


Measuring Center: The Mean 


|The most common messieof enter isthe ordinary arhmtic average ot mean. 


“Th = (capital Grok let sgna) ine oma fo the means shor oa tam 
‘aug The subscips on he cbsorains x ae usta way of k2gpg the nobsr- 
‘tons dstnet Thy donot necessary neat rr ay ter spocal facts 
boa te cata 


Actuals the notation ¥ refer tothe mean ofa sample. Most ofthe tne, the 
ata we'll encounter can be thought a sa sample from some larger populaion 
‘When we need to refer toa population men, we'l use the symbol (Crock ler 
mu, pronounced tnew”) you have the enire population of data svalbl, then 
‘you cleat im jst the way yout expect: ad the values fal the observations, 
‘and divide bythe numberof craton. 


Travel Times to Work in North Carolina 
Calculating the mean 
fer tthe dts on rave tines o wor forthe sample of 15 Nath Carolina 


rome 
(0 Fhenee te era 1S eres 

(Cale nena sine tg hp pred Ginette 
ok sda? 

saunon 

(0) Meme tl e rtesap tS eran 


(0) Nesta ny ofthe 15 tel mes are ager than she maze Helene thls 
‘wal ime, 60 mus th mea ert ing 4 pls 


Ea 
. 


52 CHAPTER 1 EXPLORING DATA 


aa meanure of centr the mean i ative t the inflence of etreme 
‘bnerains These may be onli, but a skewed debuton that has 10 
‘utes will bo pall the mean toward as Tong tai. Beeause the mean cannot re- 
Sttthe infuence of exteme obseration, we ay tha isnot a esstant measure 


“The previous example lltrats an important weaknes ofthe mean ¥ 


center, 

c ‘What does the mean mean? A group of elementary schoo circ wat aed 
fi Weep ty ee nana aie at 

highest ™ 

ABO : : 

, raaaesr sg 

sp Whatsthe mean umber of pb or hi ou fens 

sumo oberatns _ 


= Spats 
But what does that number tell ww Heres one way o look a it: every hi in 


the group had the same number of pets, each would have 5 pets. lather words, 
the mean the “isha” vale 
2 


at ells us how large each observation inthe dataset wou bei the 

‘were spit cplly among all the obsenation. In the Language of young 
‘value The mean of dstibaion alo has 

‘hss interpretation atthe following Actaat shows, 


+ ACTIVITY Mean as a “balance point” 
£ MATERIALS: Footlong ruler, pencil, and S pennies per group of 3 to 4 students 


Hy ‘mn this Acti, youl meta a intresting property of the mea 

1. Stackall 5 pennies above the 6nch mark on your rule. Mace your 
pencil under the rule fo maks 2 sees” on a desk or tale: Move the 
pereil mb th rler balances What the rlationdhip between the lca: 
tion ofthe pencil and the mean ofthe five dat alae 6, 6,6, 6,62 
2. Move one penny of the tack tothe Snch mark on yur ruler. Now 
tone one other pene so that the ruler balances again witht mening 
the penal. Where dil you pt the other penan? What the mean of the 
fie data vals represent by the perce nom? 
1. Mone one rere pay of the ack the 2h akc yt le Now 
‘ons bererey prac eric rim oh heer lb 
ices fhe pred the ene ae the mean the data ars 9? 
‘£ Doyou se why the mean is sometimes called the “balance point” of 
a datrbation? 


sti 
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Measuring Center: The Median 

In Section 1.2, we intradced the median a an informal messne of center hat 
‘locrbes the“msdpent™ of dtotion. Now is time to eran ofa le” 
forcakulting the mean 


i mgboet ola dbo, te runbr such hat hal fhe cbsara- 
‘ons ae sma andthe oer haf re arger To nd the moan ot dstbuton: 


1. Aang a cbsereons in order tz, rom smal olargest 

_ 2. lhe numberof cbserations nis othe median Mis the centr coservation in 
tected 

3. le ruber of cbservations is even, the median M is he average of ho two 
carl cbsenaknsn Be cre st 


he, 0 they ar eat find by hand fr small et 
erate tier of ales i order eds, however, 
hand foe larger set of data unpleasant 


Travel Times to Work in North Carolina 
Finding the median when n is odd 
‘What ithe median avd time for out 15 Noth Carolina worken? Here ate the 
sts srange im ok 
50 0 1 ws mm wo OH 0 


“The count of oberatiomn = 15 inode The bold 20 the center ebervation in 
he ordered list, wth * obuerations tit ft and 7 os ight. Thi the me 


M20 minutes 


Stuck in Traffic 
Finding the median when n is even 


oople say tha takes 2 longtime to get to work in New Yok State due to the 
heay tat nea big ice What do the deta say? Here ate the travel times in 
‘minutes of 20 randomly chosen New York workers. 


DSSS HDT MMH MES Mw 0 4 
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rosie 
(0) Mata stnpo othe dota Besarta cde ay 

0) Padua temean 

‘saurTon 

(o) owisa stamp ofthe ata Th stom 10 mines thee ae 
me 


(0) Sic tee seme da rst cer barton Theres 

amar at—te ed 20nd 25 wt stmpet—afich he 9osertins be them 

49h tem te edict Te median ste nergt ef hese to sea 
M525 
= 25% - 5am 


athe sap ew York mre at all the ep raped alas 
‘han 22 Sts tone adatest al opera tem ore 


Comparing the Mean and the Median 


‘Our daction of travel times to work in North Carolina iatrats an impor 
tant diference between the mean and the median. The median travel tine (the 
‘midpoint of the dstibution) w 20 mimates The mean travel time is higher, 
32 Sine The mea pled oval he ih ta th igh eed di 
tribution. The median, wnbie the mean, i: resin. Hf the longest travel in 


swore 600 mite rather than 60 mime, he mean woud ncteae to mote than 
58 mimes bo the median would not change at all The outer just cous 3k 
‘one abseration above the center, no matter how far above the center ities. The 
‘ean tes the actual value of each observation and o wll chase a sng large 
fbseeation pat 

You can compar te bein ofthe can aad mean yng th Mean and 
‘Median applet tthe book's Web ute wr 


Te dato ect and median 
same. Ina skewed dstibution, the mean is usually father out inthe long til 
‘han i the median” 


oor cote “eg ali a) ath 
“pal vl, wch we mgt Sac y medi 

Stood we choose the mean ofthe mean? Many cco ashes ave 

THINK srbuton tt sewed te git Coleg ton me pcs po 

‘Sel comerateallistewed tr StjrLee Badal tL rime, 

ABOUT Sapper cr cle he moms say (eich wa 300000 2007, 

Tiles bw exo hn S10 alent "The meta sy fr MLB ply 

S00 wn coat 1 in bel the me ay wn nr 524 i let 


‘The mean and median measure center in diferent way and both ate vy 
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Rodriguer, Manny Ramer, Deck Jte, and several other highly pad superstars 
ll the mean up but donot aft the median. Reporssbout comes and other 
Strongly skewed dstibuions usually give the modi (“midpoint rather han the 
‘mean (aruhineic average") However, 2 county tha is abou fo impose a tax of 
[HE on the incomes of ts resents cares about the mean income, not the median 
“The tax revenue will be 1 of total income, andthe total the mean times the 
rmumber of siden e 


‘CHECK YOUR UNDERSTANDING 
‘Questions 1 thea 4 er the fling etn eve, once api, the tpl of 
tee ic work fr 20 exon slestel New Yorker Far, we Sand tha he 


sean wae 22 es 
1. Red only ond empl, wold you expt he ca el ne bel ha, 
Bertani | sete ae or thn Sc mn? Win? 

rorwels, | 2. Use yur ealultr tind dhe mean tel Sine. Win your anmer to Queion 1 
5 1 Inert your rel fom Quen 2 contest witht ening Se won "wea 


4. Wad he ean th ran es mn apoin nayf he ee of his 
dntribubos of devs tamacx? fatal yomet armmet . cv | 


Measuring Spread: 

The Interquartile Range (JOR) 

Atmezue of centr alone ca be miesdng The mesh anal temperate 

Sun Frncico, Caloma, 8 57F the sme at Sprageld, Miox 

th sar del wt he to ese i Taye 
‘ar lat ore Spill han San ‘te 

fe ln depo tl bana a ei en 

esr 


cane of aii the ay, which we defined catia the 
ayer even eng sed allen Te gee eal 
‘pred ofthe tz But depends or nly he msn dma als, 
‘Mich maybe ter Biswak 

"We ca enpone ou cf spread by. atthe ead ofthe 
smi hal he ats He the x own op the rf a of bar 
tons, tating a the minim. The fist quite Q, es one-rero he 
‘typ the It The second quate the mi, wich i aleay pte Ia. 
“The tind quale Qe fre-quarerothe way op the ist These utes 
‘mat out the mile alo he dtribution The nena ange 1G mcs 
‘es the ang ofthe mle ofthe data We necro ake Th es 
f2ct The proces fr ealeosing the quas snd he IDR tux the ie fot 
fing the mean. 
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‘Be catful in locating the quatiles when several obsrtions take the mame 
‘mumerieal ale. Wile down al the observations range them inorder, and 
‘apply the rales ust 2 if hey al had tne vals, 


Lets look at how this proces wos wing a fla set of data 


“The quarles and the intenuatle ge ae ritant Became they are not 
affected by 2 few etme cbserabons. For example, Q, would sil be 30 and the 
{QR would sill be 20 ifthe maxima were 600 rather than 60 


EXAMPLE 


ices 
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‘Stuck in Traffic Again 
Ian eater expe, me ok t dat om relies fo wr for 20 anda 
telerel Now nko: one aga 


‘08 Fadand etre he ergata 


‘ria oe terri ead ea eee et 
(ti 22 Smee th cone ety st ure mde 
tite obras teat 223 Seth meet 3 = 8 
‘Stes etd gor madb 10 surat 225 athe 
‘onpettchlnbers 4nd = 42 Sian eel 

= = 425 15~27 Slee 


Inet Thane theme ot trove times orth New Yrs i thse 275 
ne 


Identifying Outliers 


Im adton to serving 2+ a measure of spread, the interquartile ange (IQR) s wed 
{pt of nile f thumb for senting ont. 


Does the 15 « IQR rue identify any otis fr the New York travel time data? 
Inthe previous example, we found that = 15 minutes, Q)= 425 mines, and 
IQR 27.5 mimatex For these data, 


LS x IQR=15@75)=4125 
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Any yaltes not ling between 
Q)— 15 x IQR=15—41.25=—2025 and 
Qhs 15 JOR =425 4 41258375 


ae lagged as ules Look again tthe steplot: the only outlier is the longest 
trae time, 85 minutes The 15 IQR rule sugges that the thre nextlongest 
trael times (60 and 65 minutes) are fos pat ofthe long right tl of hi skewed 
ddstbution 


Travel Times to Work in North Carolina 
Identifying outliers 
alr, we ted the inlence of one long tel ine of 0 mites out 
sample of 15 North Carolina workers 
OBL Deets ete 
SOLO Ee waht k= YO mint = 30 mien a = 20 
se ea ror es ce 
15x t= 1320) =30 


4-15 x= 10-30=—20 
olds ss eter Te mace eo GO mate tte re enoph tbe 
a ForPracioe Thy Exercie 89) 


‘Whenever you fd oles your data, try to find an explanation for therm, 
omens hepato ple pig, ie png 10. 2 10 
Sometimes 2 measuring device broke down or someone gave asl response, 
the student in a clan survey who claimed to stody 30,000 minis per night. 
(fs, that really happened I ll these cases, you can simply remove the utr 
fom your datz. When outliers ae “ral data” ike the long, travel times of ome 
[Nev York workers, you should choose statistical methods that are-not greatly 
alfeted bythe cation 


The Five-Number Summary 
and Boxplots 


“Thesrallest and largest observation tell litle about the dstibution ava whole, 
but they give information about the tails ofthe distribution that is mining if we 
now only the median and the quailes To get a quick summary of both center 
and spread, combine all fe numbers 


Sectn 
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DEFNTION: The le-number summary 
The five-number summary ci a dstrbution consists ofthe smallest observation, the 
first quartis, he medan, Pe tard quartile, and te aryest observation, writen in order 
from smallest t largest in symbols, the fve-number summary 5 


-— Mima Q, MO, Maxirum 


These five number divide each datrbution roughly into qarten_ About 25% 
ofthe data values fll between the minienum sn Q,, abou! 29% are between Oy 
fad the median, about 2% ae between the median snd Q,, and about 25% are 
between and the mason. 

Boxplot “The fve-aumber summary of ditibution lesds to a new graph, the boxplot 

pemmetimes called a box and whiter plo), 


Ace xis dae fm the st quale (2) othe hd quartile (2), 
‘Aline in the bor mars the median 


Lines (called whisker) extend fom the box out to the met and age 
fbserations that ae not outer. 


Here's an example that shows ow to make a banpl 


Home Run King 
Making a boxplot 

Bonds st the moe leagve rcord 74 home run in 3 angle 
heresy manera at 
ik tak Aucoin mea of 5 yh lo he 27 a 
when Bonds retired, he had increased the total to 762. Here are data on the num 
Ter othe rn tht Rood hit reach of his 21 compte seu 


WEAN HHH TNL T HMR HH OD 


OGL ema temas fortes dts 
| SSO Let start srin ted aus eh we cand he ese sommay. 


16 19 24 255 BB 29 95 35 54 34 37 37 40 42 ADAG 46 49-79 
ie 255 w tr 


Newnes ers St = 45 —259= 195. ye AR 
ae | leap gmsterttand, + 15 x Wa 45415 x 195-74 250" 
etna, 15% ta 255-194 1953 7 undead 
— er wt Sethe at earned 
PETES SEE T ETT | Metopet serial eptetema 


noma rn tn yay ee e 


FRacaiarSaypir—] ‘Flip 1.19 shor bp (thi tine, thy ae ore 
2 -—frectertStorcnet| sete comparing tne esto wrk for he samples of 
. [be ersre Gr] wort fn Noth Carhns aed New York. We wil Ker 
» ———— fi cen 2 led pins nthe bop ie the * or 
goo [pester | the maziomam val in the New Yor dat set) 
in race ‘Bnplt show lew deta thanhistrams or semploy, 
be so they are bes sed fr sdey-side comparion of mare 
1» Frmemparismap] Ham ane dation, 2 in Figure 1.19. Arava, be re 
i fRactegearact | todacuw shape, contr, spread, and oxen spat of yor 
npn. Forte tel te fo wok datz 


Shape: We see frm the grap tht both dts ae rightshewed. Fer bath 
‘ttt the datance fom the eines Yo the median rach salt he 
eriCante Newt distance from the median to the maxienum. 
FAGURE 148 Bapaseen. ni appean tha travel ine to wake general iter in New Yok 
[reo eatpemerrarc—r han in ‘Carolina. The median, utiles, and the maximum are al 
Giegmedeaton om Newt a mh ales ie : 
xotra dono m 
‘Spree ne ae sho mere variable New Yr, shown by the eights 
the ones the IQR) ad the read ra mle pe ne 
Outer Kater, we shoved hat the msm tele of 5 mine an 
ther frthe NewYork dats. Thee ae na ols nthe Noth Carolina sap 


The following Activity reinforces the important ideas of working with boxplt 


+ activity Do you know your geography? 
Mo wel dyn he US. ate capt Telco far sen a 
trou cata? The popuion of aes and een tn ty, yt 
Fares cece eects cece etait ieee 
Pa weasem peta miata : te 
1 tour so peo ins dt 
the popuion fa Scapa ly Lak sly a ou pepe. set Ube 
(pes eb ole iy 
J Now your eacher wl edt of ht wach sip of ape 
‘imu h te ade nth las weed on yr of te een, 
fede te nlf fen venom The eared quienes te 
errs 
1 Soden nthe clan shod te nto bo gps bed which veion 
elihe ft qcton hye Win eh ey ine op reo our 
le ry as ena aga han de occ 
Ses 
Wa ela ber year pp a wash suey 
caten 
Hn pe lip acta pale 
Aa end et had er ehent pj sel wing tarsal pond 
Typo Wha dich Dla re oa ce gp 
pie 
(er tccher wl prove he ep stl ppl, Ho ho as 
oor cima? Which up ee staccato ot 
ary 
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(CHECK YOUR UNDERSTANDING 
"The 2009 sse of fe Dllas Combos rofeienal otal eam nell 10 fens 
ncmen. Tht wegen pad wee 


see 3H Me SOT ITIL 
1. Find he ier may fr he dete yd Show your werk 


2 Cabal the IOR Interpret hye conten 
5. Determine wht Sho an any oie ing the 15 IQR ae 
4 Drew abonpl fhe data 


£ TECHNOLOGY CORNER Making calculator boxplots 
“The T1SVs4 nd TES can plot up tine bop inthe evening wie 
dw. ats the calulstorfomae sida boxplt ofthe tel in 0 
5 wok dt forthe amples om Noth Carina al ew York. 
51 tnerthe rel ime data Noth Cain 1 ad fr New York 
‘tac 
2. Se up nostic: tt show 2 bop ofthe Noth Caotna 
thts and Mats sBnpe of the New Yok 


89 


[Note The ealetlator offers two types of boxplot: 3 “modified” hoxplo that 


shows utr and a standard boxplt that does. We always use the mod 
fed boxpot 
3. Une the calculators Zoom feat to dply the sde-ysidebomplo Then 
|) Trace view the fnesumbcr suman. 5 
i Tiss 
|) Prost select 9: Zoomstat 
2 +restED 
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Measuring Spread: 
The Standard Deviation 


The five-cumber summary isnot the ment common rumerical deseiption of 
ddstbution. That datinction belong tothe combination af the mean Wo measure 
tent ad ener stead The standard deviation and 
is close relate, the vurlance, meaate spread by looking al how far the ober 
‘ions ae fom Hit ean. Let's explore this iea unig smple set of dal, 


In the'Think About Ion page 52, we examined data onthe mumber of pts owned 
bbyaguoup of children. ete ae the dat agai, aranged frm lowest to highest 


Ls444s7 59 


se eee eri chaaenten 
Sasi 
Soccer amen eee 
pees yen crn 
Sea eeas 
Eo eneeiee 
pans eye 
peice 
eee 
Sasa 


“Te table a top night shows the deviation frm the 
‘mea (c — 7) foreach vale in the data set. Sum 
‘the deviations from the mean. You should get 0 e- 
‘caine the mean ithe balance pot ofthe dstibo- 
tion. Since the sam ofthe deviations fm the mean wil be for any set of dat, 


FGURE 120 opt aine 


xiatinb teen abe Spend snther ey tease el snd the mem, How cm we fx he 


problem ofthe pontine snd negative devitions canceling nt? We could ake the 
Shoe vale ofeach devttion. Or we could square te deviations For math- 


Section 1.3. Describing Quantitative Data with Numbers 63 


‘ematical reasons beyond the scope of this book, satiticians choose to square 
‘ather than to use sbslute values 


ann 
‘We have added column to the table tht shows the square of each deviation 


(A 7). Add wp the deviations Did 52? Now we te the 
feaencabaa feast bad tonne Tone 
tie we date 


_ OHAATHHOF4 OHIO 52 _ og 


‘This alue, 65, called the variance. 


Sec lt ny a “hat 
Ske tps pt ic th cece, Teen 
‘fra te uedod dont 


senda dain = fag oT a = YOR = 25 


“Thin 2.55 a roughythe average datance ofthe valves in the dst from the mea, 


‘A you cam see, the average ditance inthe standard deviation is found i 
rather unexpected way. Why do we dvde by n — 1 instead of m when ealelat 
ing the variance and standard deviation? The awe complicated but wall be 
revealed in Chapter 7 
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Here's brief summary of the proces fr caleulating the standard deviation. 


2. The er stint ope tf hi verge ped 
af LDF 


Many aleson pt ton dando ditions ing yx hk i 


ingly wo by n= 1 The fre aly bled 9, eyo rte tan 
hid devon of populston yur dts st comic popttion, 
then appropri o, Moree ta wee aang cr a 
"ae tmp a tas ecg ae he pope th 
‘ore pt tan eae that date 
sine he kde of ie tana doa © = 

+s mearessprd abt he meando be ed ony when the ean 
chosen as the measure of center. " 

Sahay grater then or eal, ~Ocny whe hn abe 
‘nhac yey stent he ce Ober, 
Eptaicrantcme oe esbr  m 


1 Teese vf manometer shrine 
‘you meamire metabolic tate neal, both the mean andthe atandat 
deviation 1, ate abo in calories. This cne reason to prefer, tothe variance, 
which i uated calor. 

© Like the mean T,, ino existant A few outien can make, very lage. 
“The use of sured deviations makes seven mor ense than to 4 
fewestreme observations. For example, he standard deviation of the tal 
times forthe 15 Nowth Carolina workers 15.23 mints Ife omit the 
‘maim Yalue of 60 minutes the stndard deviation drops fo 11.56 miats. 


[ g crcox oun woersmone 


“Theis inches) the Sve tates « hal er at 67,72, 76,76 an BA 
1 Vind inept te 


2 Make able tats, ach tale, deviation rms the mean and ie pure 
tia iene 


23. Sw Faw cle he ie oe hr eis Gems Sh ee on 
tie 
4 Tepe the mening fhe andr vision in thi ting 
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Numerical Summaries with Technology 
Graphing calcuaton and computer sofware wil calle merical smmaes 
{or you. That wil fee you upto concentate on choosing the ight methods and 
interpreung your rolls 


TECHNOLOGY CORNER Computing numerical summaries 
with technology 


1 mre mi th ie of Noh Cari ad 

‘New Yr wrken fen he revo Telly Core (gs Welt 

Ey thoning outset aclu els he ak tx 

§ Teeter on he xsi yo vet dew sexy, 

5 etrtn Nwth Cts ats ft ew Yo dnt fs 

51th matter Noth Carona ae ines 
Tis 


+ Prem BIENEECALC); 
choose 1:1-Varstata, 


‘Pres [REN Now pre BIC (L1) «Type Hist in the Hist bo 
ond Pree (EEE) 


Pre (WD o se the ret ofthe one-aiabe statisti for North Carolina 


=< DE 


2. Repeat Step 1 wing 2/2 to find the munmary tts fr the New York 
trae! me 


& Di 


1. Outpt fom satatica tare Wed Mista tie pale 
docrpne atten the Nowe York and Nath Carla rae meta bat 
|) alwayoutchome which numeneal sansa elu in he out. 
[Descriptive Statistic Travel tie to work 


Warteble een atbey mintmen @) median |G ftakimin 


‘What's with that thd quartile? Earle, we sw thatthe quartiles ofthe New 
‘otk travel times are Q; = 15 and Q; = 425. Look atthe Minitab oaipat inthe 
“Technology Comer. Minitab ys that Q, = 43.75. What happened? Mintah and 
some other software te diferent rules for loating quartiles. Resls from the 
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various rules are always clas o each othe, othe dfernces ae rarely important 
in practice. But because ofthe sight difference, Minitab wouldnt identify the 
‘maimum ale of S52 an outer by the 15 AOR rae 


Choosing Measures of Center 
and Spread 


‘We now have choice between two descriptions ofthe cener and spread of ds 
tribution the median and JOR, ot T and, Because T and sae sensive to ex- 
tweme obuerations they cat be misleading when a dsrioution strongly skewed 
or has outers tn these cae, the median and TOR, which ate both resistant 10 
fexteme vals, provide beter 

‘ean and standard devation 


The! than the 
tion for deseribng 2 skewed distibution ota distribution with sro ote 
Use Tandon or remenaly met ton ta dot hae 


pee ec shied an 
steectaecettee ter te atte: A 
Pct replied pelarthtae 

Pepi alee pian oleate 


wero 


stows the thinking iyoled in choesing 
uparing Peon of quanta dat 


Who Texts More—Males or Females? ad 
Pulling it all together a 
er thot ral proc. a oup of AP Sts ses eta the el 
that females eat mre in lex They aed » drm spl etd fom 
thee acl to cord he mumber OM megs set adc ne eo 
(ay prod. Here are thee ts 


\What conchson should the stadets dean? Cine appropriate evidence ta sport 


STATE: Date asta gucci eect fem text maeimals? 


‘cid mem 107 tet veh td prio wih exceed the number ts 
ported yr 73K he males, 


[eae owas Qismsenen 
toyeotmay teva ot 


Eitan’ 
epaaurgenroioee 0. ow time for you to pl wha om hae ered in patie i the 


So OR est ega  rgg 
terete meer temer Same, tbMHNY, Data Exploration 


Ista reuse one 2 


‘owen | 


sees 


‘+ DATA EXPLORATION Did Mr. Starnes stack his class? 


‘Me. Stames teaches AP Statistics, but he abo does the cls scheduling for the 
high school, There are bao AP Statistics cles one taught by At, Stamey and 
‘one aught by Me McGrai. The tao teacher give the ame fit et thet canes 
fd grade the test tgsther. Mr. Stamess dents earned an average scone that 
‘wat 8 points higher than the average for Ms. McGrail las. Ms. MeGrail won 
ders whether Mr_ Starnes might have “adjusted” the cla estes fom the com 
‘ter scheduling program. tn other words, she thinks e might have “stacked™ his 
‘las He denies this, of coun 

"Tohelp rsoke the dspute, the teachers collet data on the cumulative grade 
point averages and SAT Math scores of thir stadens. Mr. Stames provides the 
‘Gea data fom his computer. The stidens report ther SAT Mth scores. The 
tables below som the data foreach siden nthe to clases. Note tha the two 
ta yale in each row come frm a single student 


68 CHAPTER 1 EXPLORING DATA 


SRE BRG ges kere 

SSRSGRsIRHBsIeS 
Ke ceegege gore ee 
SSSSSSERZERSRRSRER 


Did Me. Stare stack his claw? Cive appropriate graphical and mumescal 


cvidenee to suppt out conelion, awe 


[ithe endo each chapter, we'lretur to the chapleropeing Case Study to et 
you know what happened. We cal this feature "Cate Cloned” 


Do Rewards Promote Creativity? 


‘Refer to the chapter opening Case Stdy (page 1). In Dr Amabile's experiment, the 


taken whol they ner compet prize proc la crane cl 
Shanti chien owe tld har bey te ae aed clas ne 
py. Asa oul th std), De Amalale gual at eeal reward thing ike 
ong, ade ad tne acta ce cea. She went ono ene! ee 
fore experimen, ik the one restating the eet tem ad externa met 
(ato on colleg siden cyeave woking Esursse #9, page 4) He indy were 
remarkably consent fr ment people, cea sts o¥n reward 
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Summary 


Aime spy Ai il i a et i 
york neal 

Tienes ad lin M Gs in crete i 

Reet pee Te men eee ox eto min 
Stern de es 

‘heen he at af catin, rt 
[peal gt unt equ ar sb one 
thereto te id rey bt et 


‘ofthe obsenation below it The range (IQR) is the range of 
the middle 50% ofthe observation and is found by IDR = Qs — Oy. An 
‘ereme obser an outlier tis stall than Q, ~ (1.6 » JOR) or 


erty + (13 = 1) 
‘heft ay oti he med ut and 
(eee eet 
te ani, The mean Soca ee cor ode url ned 
eaten eaeeal 

ese ec sey li eg 
‘aches The bos gent gute et oe grad ei’ 
ov fale te ttre men mad wa te bine 
‘ater fom the box to the anal and the largest observations thal ae 
sale. Outi plated led ps 
“he variance nd pclae ot the sandal vation 5, 
Sy craven asnctel tiered eck beens usr eel 
Soha ia ies es i on al ps ec 
Th at i we ee of rds iy 
‘ely chee cera Vien seu Ag 
‘mers of pene Iran he add eon ek 
i al dd i eis eee 
cdots wien cu Tay ato nl re Nee 
‘Striues teed abe et chp The mand OR et 
‘eter dcp fr sewed drat 
ume mais do et leet the sap sabato 
hap lt your dats 
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Exercises 


7 a a Joey int 4 gue para ming 


Ewan new 
7% G2 HR 


Clelate the mean Show yr work Inter! your 
rol conten 


1M. Cambaye ‘The 209 oe of he Dalla Cmboye 
rofononal foal tur nel 7 defemne be. 
Foe Ther weights pour) were 306,309,315, 
5, 318,309 and 285 Calle the meas. Show 
your atk Inert yur rou one 


ie pacer Rr ee, 
(x) Pe then hand Sh your we 
Inet yr el nore 

(b) Sipe Jy he on ene heme othe 
epee eeoes eects rete 
the nan ond he ka, What prey of means 
‘Xceed ite? 


12. Conky ler Eee 
(sl the ny hadi your ok 
bopper etd 
() Sophie ean ded 
Sts pl lot 5 pe a ie 
Shui eet meen nde med Wi 
poet oman foci as a i? 


15, tnemen of cellos gute Anco the Cos 
Busca, the meat ad ed 008 core of 
people at eat 25 year ld who bad bacco’ 
Hlegee bao lier dearer mere 68,07 and 
S6i{954 Which ac wre the mean and 
‘hich bbe eden? Belen yo cg, 


14 Home pies Teme a ean 
fesitng neler homes wld Newer 
Sn were $2060 and $172,500 Wich of 
thet mikes the meat and whic the mean? 
plas hr yo bow 


SS. Banal sasos Sopp thats Major Lease 
[Basha amt mca tute ar or pla 
S12 silo we hatte te eS pe on 
setve ter What the ear’ tal weed pl? 


yoo nce oly the median lay wold you be 
leo anor tic gation’? Why or hy a? 


pices ee 
srutc oraimneestor 
Sees nea 
Sacha 
ace tent tle 
Se 


ompsne epics 


Domain names When cnne Inert dein 
‘nen ecurte bete cme king 


‘ert domain meme. The hag low se the 
‘ome mame enti (en manor of ees ae 
‘name lag th estes cna fo 
‘he 360 mon pops We te 


(0) Eat en od ein of oe 
(Sha Raph poor ently 

(16 yo waned tac ha shrter domain nae 
‘see te ppl wich tear of eier wend 
ochre me re mein sly ocr 


[De alleen ie a fit? We lL ta fit 
Bed lew eben i 
Seren apr dy lame by sven at 
igri ma ea Ferman 
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Sing tt pe ay 


(a) With ite care, yu cum fn he mean am 
stiles fo th stopp. What rte 
9 How dy Bd them? 
(@) Estimate the mean ofthe dntrbtion plain 
rtd ley 


19. Qs pe arte Eerie 
e 


(@) inl nd interpre the ntergute ner (IQR) 
(Determine whee ere ate ay er, Show 
Jour wo 


1, Dead me tn September 28, 2008, atic ed 


Seid iis cla on the meme of eat 
‘mtd eal cy hed eto ere i the 
ft 24 hour ete ar the eat data 


TTINBATInNG TOM 
Am 2oG Ini rasa 


1) Mako hay hd Re 
‘check for oxthiers 2. 

(8 ath ts pnt sai tc aie 
‘Meth eke tye 
feselet genre 

‘igh tn How eh eo Mis 
ftemeteeeeen 


Gas a as De ww aE 
SM Se MS ATS HO 
as 8 45 8 


a 
* 


6) Make pe ft et see ce ya Be 
pagel By 

{0 Ho ed se don Me Lin ite 
oad so armer 

“torch RoE A ape ft 
Prsiereheet arenes erty 
Saitek don hoe bo 


ie nc) 


(4) Do hee date support the clan i the tile 
sot eating enn alin fh your anon i 
sppepite idence 

(0) Cam we drew ay celina te pre 
‘ees ofl stds tesco bed on te 

asi Me Wilt la? Wyo 

thy nat 

‘lesen To become pee othe Unie 
Stat aise does ve oe any 
sf poplar Thee os have wn 
traf fc S36 lect oe that ae et the 


retort College. here ea empl ofthe rer 
‘hhc we foreach he 90 ae al he 
Distt of Calon, 


of aszassznsccae 


2008 


teat 
> =a 


Make np ft dea by had Be eto 
Seek caic 

(8) Wick mea cent ad ead wuld 
Sete an nn ad 
SSA ee TH ly 


ng ietments Sb yo pt out 
apace atta at 
See ay 
‘arn (x pee on a etl ck make find 
eal a over en ecg Nove 
Dan 
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as pc emt 


bebbebbherecenE ES 
a 


Type times 


(a) Ren the gp abou what we the ihe nd 
Hewes dy curs ote ck Band? 

(ead the raph the median esr wa abot 
‘he same on bth rveents Not wha wa the 
‘median eu 

(6) What the mat portant erence beeen 
the tad? 


6, Anco and suction vel Fach Math, he 
Trew of Labor Sais spn an Aaa 
Demwphie Supplement monthly Cs 
tent plato Sy Dao som 1,067 
Indl betwee he peo 5 and who 
tere ployed a ime were colleen ome of 
{hee sua The bps elo eomeparete - 
tt of income people wih velo 
‘actin. Ths geneva ofthe Kopi 
idea bsnl dla oem ental vy 
‘simone erally we sited te idea 
Ieah eategory wilt he op 5 ad bo 5 of 
thoomes Wats be detpton of Kew hs 
Sate af nome shang wth he hgh el 
‘lication ached. Give pein be raph 
to eipert yu aac 


7 Peepleta leks The eel ef inttresin 
(be Head lancer oa bealth Here ae ewe 
test fhe cl cf php fe Hod fa 
eset alla of phnphae pe ear of 

| replat peels esr | 

SEag aa S7.C1 Apo ey ceaees 

gral armation oe proceed to compte 

Slee el dented ret 

(a) Find the standan deviation fom te deiition 

‘That ae devon a ach sera 

she ran ur the devin den ain he 

‘enance and sandr deetion 


(by Ione val of yo aie in 


8 ein leggy? The fn four stdent to ae fr 
Pdatates clam were kd hm uch 


(s) Fond te anda deat fr din 
“That i ud dhe devo ach oman fo 
sma pt dei cha he 


(6) tomer they of yo cine in 
(6) Doyo hi set comcide tha he ean 
‘Seto erp br 30 sales hn la 
‘lone to 8 boar? Why why not? 


fetish trator ccneusfothy 
Sigmar gre 


(a) What wl you pce i the shape the 
Soret heed uno te computer opt? 
pres 

(by Inmet he yale ofthe ander devon 
(e) Ar ther any cule’ th your never 


WR, Conti Does dec pen se cote 
‘ston (Caccto| than ele doctor Asta 
pyre ie pen cery nent epee 
‘Lepr sarc delnenea of abe permed mn & 


wa M 


0, 
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Jeu by ieopit ole fl ele eee Eire 
mera etc fer theo Strom 


tow 
7 aw 2 ee 


num seuss 2 


(a) Bae othe computer cuit, which sto 
to weld yom cm arene mca chap? 
plain 

(Kaplan ow the TORS feeb dsrbtions 
‘aves sma even though te aandard devi 
te gute ent 

(e) Doe appr wae pet one 
Caestins® ify your new. 

‘The IQR ltheinteguilerange seta 
ewnue of read? Cie a engl of mal 
‘Tt that appr yr ane 

spread Which fhe datbtons dere 
‘ase dad desaton oti your armer 


‘SD cone Thies andr devin cnt Yo 
tn soe br abnor the whole mee 


(8) Chon fermen tht ne the 

‘sible standurdl deviation. aaa 

(0) knee an one he pie a ero) 

ortega 

Whe do they eee? Fcc fh loin 
pied bere werner 

ae tenneanresgenlaal i eaierah 


pea ee 


ie (heft Cale ed ltrlp 


50% SSA ces Her sors on Sarto 
‘Stay Hats and sade (SSA for 18 Sea 

ieee 

toy 17 His 2 IW iss WTR Tol 


165 126 126 157 6s 165129200 
se fr 20 yea alee me 
ios 10 is 


Can) 
wo 


6 
70 


wom 7s 
M5157 108 


‘these dats sop the le hat were have 
‘er dy har ana atts toward er a 
en? Not that high sees tate ent 
{and tite oud Keating) Flow he ote 
Panes 


Bowen Reacher 


tect anc of fhe bop ove Henk on 
the nando Donan ante arent eis of 
that erie the Bowers" Over ine, 
fhe rere bie th lenin af the ee 
{he farm of he omni eas hay ever 
Sonat each ther il te, Baer ait 
ferry ier mb yee hah 
‘vedic aio ofl. 


“The table blow relent meen 
(sn mlieten fr anges of ce vant oh 
eons ec fered by dierent pete of 


seme 
ioaebece 
i 


ra ae oa ay 7a aa ae 
29 2M as ae a an wn am 
ema 

oe on ce G0 aa ae an Oo 
ee ee ee 
20 o9 an an an ym wn 
exons 


a ee 
So Sm ae xe om us 6 


Mati cice Sele th et anew for er 107 
one 


1 Wea dutaion akewed tothe nigh with non, 
(a) meen cme [d) can > median 
(B) seznam fe) Ween el ihout 
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10 Yaw hv da on wit in aby (6) Wen nbc pyrite tee chart or 
fine Te memrecgaettedeenked ced? Wp ety? 
ets dic unk cM Tomermmmin Ulgipeeriiie aeatenoeere 
the td eto DU cege tee viyleny somo, 


Gf ea pe eb 
a bss 12, How all are you? |) Hee arth eight 


{6 um 
i peeect) (erento 50 nda seed Canaan 
‘a dens wb parcial Cenc n 
fe) plo ua Soom 

10) Which he loving went sted Fancteme WT TH i 
Mehrotra yo dae ros rs if tas ims 1 
(0 Medan (ote Pe tas eo ek 16 eo It 
tt) Mean {¢} Mav Me Oey IS re TW 
(0) Std dein 

110, Wit at at stead vito 
compote Mae apne aap tes dat 
Pe () -Vswct Iaprep teres trer pochcimla  t 
th) a >0 (6) Any amber aechane Sre 
(east 115 Samm in elles) The 207 Fran Sa 


Spe Rees 
Cae ees 


Emin 1 ad 12 ft thew ting 
‘Seed bin ptt forse! sccem: Ove 


‘Wena CennASchonls ‘Rando Dats Seer” 


lhe ample of 50 Caadun tedents who completed uaon aed sade “Howth he psy 
‘rey 207-2008 Eisen yur pet mprne your wing” 
‘ewer aed “How fen te pat ead yo 

” ‘eek fendi on your academe wk?” The ire 

“Tha geph comparing ale and ome respon 


2 thew oe gent 


| 


RCo en a areas ena 
Per cla phn, | Ukieier sr gialfctet 
fac fareeh garter er’ 


peers 
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al Chapter Review 


Ss theo cee fd. Ds come 
ee eee ee ee 
OF inde Thee varables can be etal o 

ave, Data sais a pocen of dexcrbing 
{Tis sing ple aed ramen mma 
Chapler nicl he ic os cats aay or 
Cag an quate ables 


ar graphs and sometimes pe chars are used to di 
play dations of ealegorel variables Counts and 
peveens help summarize the data. T deveribe the re- 
Etch tween wo caloric able, at with 
2 two-way table: Then compte apropaste petcens 
or quantitative yanables, the gure blow outlines 
the dats anahss proces. 
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he nner degre lp rc he mga 
eon eta ofthe cpr lve! ean 
thcne re ped mulled tr Bow eck ene 
‘+ ant te ehh and vrs nat 
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geet 
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ry 
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{6} Dict the dil the igh 


1 Mie aba gph he dn fa ets arable 
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(hove deta 
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(8) Dette dp, eta prado th 
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Section I: Multiple Cholce Select the bx sre foreach quetion. 
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‘Section TI: Free Response Show all your work Indicate clearly the method you we, because 
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of your raul and explanations 


TTLAZ, Yow are ince how such tine stent 
spend onthe Intec ach dy Hn dato he ine 
set othe Irn ov me) fr «pla dey 
else aati 


Te BED Se wD US 
REXK ST HH DO 
REBT BY Two 


(a) Const histor of thse dat 
(b) Ave there ny ours? i your awe 

(o} Wo be eter ethereal tarda de 
‘vito the med rd IQR to decribed 
prea fh cbs? Wy? 

"TLA, Asay ng the Pr Tan of Aone owes 
ated te relom between mother abe sts 
tt he appenmnce af bth defects im he hiden Te 


tele appr the oma tble blow 
od 

‘bem owes “onsale Poaiowe ape Tet 

Ne = - 

oman ot were 

val 


(a) Fil the oy atl cn alae He main fe 
vibe 


1b) Compaen percent the erie tbat 
bth defect foreach able satin 
(c) pay the conditional ditbatons i a raph Doe 
st abe our sah completely 


(4) Comment on ay cleat anoxia you 8 


(4) What thee ha ay beryl 
(0) Grea tenon nee wight prfer andX batty 
{6} Crea rem omeene gh prefer Band bat 


TLAS. During thecal prt of the 1994 boscball wa 
cine ee tos tel ele ober 
frome ram beng i sccmed ually age Here ort 
the daa onthe tuber of arn ru hit by Arran 
nd Notional League tem tn theca pa of 
Meloneese ee ibe 


main ane NNT An Gam 
Souqs Neeraes 8 od 
(Conan ne rb legs 
rly od emcee, Wns ster rte 
legato. 


Introduction 


Describing Location in a Distribution 
Normal Distributions 


Chapter 2 Review 
Chapter 2 Review Exercises 
Chapter 2 AP Statistics Practice Test 


Modeling 
Distributions 


of Data 
Do You Sudoku? 


ta tical mop he ob Hee what Wi Shr, son 
‘det New Tey she pet 0" = 


Sea lel pr hve de et 
of thoi daily rotines. = 


no mp ie ao 
Oo steeped 


‘ma atone ot el 
‘with an aro) 


‘86 CHAPTER 2. MODELING DISTRIBUTIONS OF DATA 


ba 


‘Suppose Jenny ears an 86 (out of 100) om her next statistics test, Should she be 
‘atsed or dsppornted with her performance? That depends on how her sore 
‘compares withthe score ofthe ther trents who took the test. 86s the high 
testscore, Jenny might be very pleased. Maybe her teacher will“cure” the grades 
So that Jonas 86 bacomes an “A” But Jey’ 86 alls below the “average” im 
the clas, she may not beso happy 

‘Section 21 foctes on descrlng the location ofan individual within a dit 
‘bution. We begin by dacasing 2 fila measre of positon: percents, Next, 
swe intodace 3 new type of graph that weful for plying percentiles, Then 
‘ne cosiderancher way to deseibe an individuals postion tht i based on the 
‘ean and standard deviation tnthe proces, we exaune heeft of tanslorm- 
ing dala on the shape, center, and spread of» dtibtion, 

‘Sometimes its helpful © we graphical made called density cures to describe 
the location of ndash within a dstbution, ater than relying on actual dala 
values. Such models ve especialy help when data all bell shape aller 
called s Normal dhenbution Section 22 examines the properties of Normals 
‘butions and shows you how to pron usefl ealculations with ther 


ACTIVITY Where do I stand? 


MATERIALS: Masking tape to matk number lise wale 


In his Activity, you and your eaunates wil explore way to describe whete you 
san itera) within a distin, 
1. You teacher wil matk out 3 rtnber line on the Boor with a scale runing 
orn about 58 1078 ache, 
2 Make a hurran doplot Each member af the clas sould sand atthe 
_pproprate location along the murnbe ine scale based cn height (the 
‘nearest inc 
5. Your teacher wil make a copy ofthe dapat onthe board fr your refeenes. 
44. What percent ofthe sient i the cla have eights les tha your? Thi 
your percentile in the dtribution of hgh 
5. Work with a partner to calculate the mean and standard deviation ofthe 
lass height datibution frm the dole. Confirm thse values with your 
clawmats 
{6 Where does you height fll elation to the mean: above ot below? 
How fr abone o below the mean ti? How many standard deviations above 
orbelow the meat 
bight 
7. Claas dcumion- What would happen to the claw’ eight ditbution if you 
‘converted each data vale from inches to centieten? (Thete are 24 ect 
‘meters in inch) How would this change of units fice the measures of enter, 
spread, and lation (percentile and = core that youealelated? 

‘Want inow more about where yu stand — in terms of height, weigh, or ever 
body mass inde? De a Web search for “Clinical Growth Chars tthe National 
(Center for Health Statics ste, swrcodes=vachs 


{2 This last number isthe -acoe corresponding to your 
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In Section 2.1, 

you'll learn about: 

+ Measuing postion: 
Percents 

+ Cumulative lative 
frequency graphs 

+ Macaig postion: 

+ Taraorming at 

Deny caves 

+ Describing density 


Describing Location in a 
Distribution 
eee sosofll sas Me yor ticle ft es 


Ps mM 7 TH MO TS OT TF 
7 OS M6 907755 SF RE SD 77 

Te bold score i Jerimy’s 6. How did she perform on this test relative ther 

ot dpay this distribution of test scores. Notice $| base 


netic with no apparent oni- 7] S777808 
‘that Jon dh eter than 


Tere Prom 
all but thre 


Measuring Position: Percentiles 

‘One way to describe Jen’ ation nthe dation fet cons el wha 
erento tdi the law earned coe thal were blow Jenny’ coe Tat 
teean cles Jey’ parent 


DEFINTION: Percentile 
The ph percentile ola detrtten's to vale wih ppacert oth beanie shan 


of he 25 observations (84%) ae below her sone, Jenny a the 
‘th perce i the cla’ test aconedatrbuten 


Mr. Pryor's First Test 
Finding percentiles 


‘PRORLE.Uethe scams oe Pers tes statist ast te the percents forth oi 
nystdete 

(6) Norman boca 72 

(Katie wscred 83. 

(6) Mhetuestdets whocamed set 60 

sounon 

(0) iy ote 25 sash css Nrmas 72s pcnviscompatadastolews: 
"V25= 008 rk Seeman cordate So peraricor hte. 

(0) aes 9 pusher deface te 36th pret since 24 tof 25 as sors til 
rockers 


(c)Tuostadees scram 50 oe Por frst et yor dein perce 12otthe 25 
‘resin clases tan 0, hese Sudesh Abt pre, 
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‘Note: Some people define the pth percentile ofa distribution asthe value 
with p percent of observations les than or equal oa Using this alternative defi- 
‘lion of perentil, it pale fora individual to fall the 100th percentile. 
fe ued this defisition, the two students in part (c) ofthe example would fll 
at the Sth percentile (14 of 25 scores were ls than or equal to 8), Of course, 
Since 80s actually the median score, is bo posible to think ofits being the 
50th percentile. Calculating percentiles & nt an exact science, especialy wih 
sinall dats ses! Wel tick with the defiiton af percentile we gave calc for 
consistency. 


Cumulative Relative Frequency Graphs 


“Threat se interesting graphs that canbe made with percentiles. One ofthe 
‘ment common graphs star with a frequency table for 3 quantitative variable. For 
fastance, here 2 fequency table that summarizes the ages of the fist 44 US, 
preadent when they were inaugurated 


EEEES Ea 


Lets end hs tablet inde clann for elt ey, culate 
‘regency, and curnolate relative frequency pea 

To gethe acsin the late Fue cluon, die the co in each 
Slay th tl mir f pent: Mig by 100 comet os 

pect 

Toil nthe cama gency ena ad th cov he gn 

‘clean rece clan ve i lr of 
Forth euteiches he el- 
te agency cl by 4h ll ber a ed apy by 10 fo 
conve os pce 

Hr the rg unc ble with he relate fey, cmt 
(py, and cumaane ate epee sre 


Age 

ou? 

eo 7 atom au o2m mse 
on omen out —ostn asa, 
=o 2 w-omemn seu ora. 
oe 7 makita ‘to or 
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Cunulative tive Toate 3 cumulative relative fequency graph, we plots pont eanepon- 
Teeqcney vila fag the camuatye else fequeney i each cla tthe small alge othe 
‘ext clan For example forthe 4) to 4 clam, we los pit ata hight of 45% 

Shove the age ale of 4 This mass that 45% of proulen werenagued 

Ife they were 45 yea ol. in ther words age 4 she 45 percentile of 

the mauguestion age dstebuton ) I camry t sat 3 carla rave 

Suen raph wi put at hgh of atthe sale aa het ln 

{inthis cae, 40) The lat pts we plot should beat height o 100%. We con: 

‘ect eomscetine pat wi lie segment to form the graph Figure 2.1 hows 


Bice yp 
ran oma 2 
beer - 
Sern. Fs 
= | 
Pace 
ee 
nee 


(pate tan compet sho how tone cult ae ney 
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A curmlatine relate fequeney graph canbe used to describe the potion of an 
individaal within a dstibtion ort locate 2 specied percent 


he tra 
tion, asthe following example istrates, 


‘Ages of U.S. Presidents 
Interpreting cumulative relative frequency graphs 

PROSE Use eR aoe t estn 
(6) Yas Barack Oram, wt asinmgcated 3g 47, ously oun? 
0) Gnesi te Gt pretest, 
seu 
(ota Ohms urinate stan we dr 
‘ac up roms ge (47) onthe heron as ult mee the graph Ine. 
‘raed erst lac ons ool ote el 
ds Bnedon Fig 22) ne dita ata ange 
‘Se applcshn at cantina reer Tate eb 
‘ike isp hdtv nthe wan at tl 
15 presets er yey ta fre Cama en hey wr ged 
‘tar ny rn Oana niet you an 


Ago imme Ag ingen 
@ 


FIGURE 22 The arate aie tagny gh ol rscertagn at tmupraton edo 
(a) eae Pescr Onara wih be ssrbon an (drone Be SA pect, whch 
Soa ye 


(0) hen pecs ofthe deren thea cone rene 65.0 
‘edhe rw shrctal in aons othe ni shale oS ar mets 
‘herpes Fromthe pot ofearsactin dru serials ow te horcrl  e 
Fgure2 2 hele oh rca anise 5D Seatont GSE ot aU presents were 


ee acreca 
e 
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Percentiles and quartiles Have you made the connection between percentiles 
‘and the quar foun Chapter 1 Ear, we noted thatthe median (second quar 
tile coresponds othe Sth percentile. What about the fit qurile, Isl the 
‘median ofthe lower half ofthe dered dat, which puts it bout one-fourth ofthe 
‘way though the distnbution. tn other words, Oi roughly the 25th percentile. By 
‘nls esoning,Q; i appronimatly the 7th percentile ofthe dstibution. 


(a) Mai i ethan abt 9% of he sts who teak the et 
(@) Mark woo than abot 375 ofthe ent who ok the tot 
{) Mac hd eter than abo 8% of the ert wha oak the 
() Mark did woo than abn 8 af th ents who tok the ta 
() Mack gt fewer than bal ofthe gue comet thi es 
Me Mhnen ence ow edulis et 


Lerma e 
erates 
Soa mascara 
pombe 
ST re 
parcel ot 
Tepper than 2 
eae 


1. Abt what percent calle led fm than 30 ies? 
Poe bo Bb RD o Woimineemn? 
ang init 4. Fate Qs, Qa the QR of the dation, 


Measuring Position: z-Scores 


1 Leu othe data frm Mr or fin tats es, which esha in he 
au stemplot. Figure 23 provides numerical surtmaries from Minitab for these dats 
3177000 Where doc fnnys sco ofl eae he mean a this cation Since 
$0,778 Ane mem siete can, we case that enn sor “ane rea” 
e Ret how mack abo serge iT 


ewer ate ne 
nen anda recur ead 
ttatycceped ny 
Drs ator 


FIGURE 23 Mtb cute surest Ur Pryor ser on ari seat 
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‘We can describe Jenny location inthe cla’ et scone dtribution by telling 
hhow many standard devsions above or below the mean her score i. Since the 
‘ea i land the dandard deviation is aboot 6, Jenny’ score of is about ome 
standard deviation above the mean. Converting obserations lie this om oii 
‘al lust standard deviation unis s nwa 2 standandirng. To standardize 
2 value, subact the mean of the distibution and then divide bythe standard 
devistion. 


A sicow tells us how many standard devsions from the mean sn observe 
ls and in what direction. Observations larger than the mean have pesitive 
5s obserations smaller than the mean have negate zacore, For example, 
Jenny’ sate on the lest wat x = 86. Her wandardized won (xacoe) i 


t___ S680 999 
ax devon" 0m 


“Thats, Jenny’s tet seore is about one standard deviation above the mean ore 
ofthe cla 


Mr. Pryor’s First Test, Again 

Finding and interpreting z-scores 

(OREM Uhh maton Fro hestantedad ees or eachet 
‘Sebel stale Prerscos Mert ech nce 


(0) Katie wh sed 93. 
(Boma, we aes 72 
sown 
(0) Kees 3 pastes crite das Her comespong aes 
8-00, 
SMa 


nother nods aise e214 stand dations sb tame sve os st. 
(0) Fororans 72 Neston sels 


Norma's scris 132 standard dein bbw cos meant 80. 
e@ For Practice Ty Exec 15(5) 
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We can ali use zscores fo compare the postion of inviduals in diferent di 
tributions, asthe following example iatats 


Jenny Takes Another Test 
Using z-scores for comparisons 


‘The yates et et of 6 fn Myr, ey 
‘earned an SZ um Mr Coldsone’s chemist test ALi, she was dgppotnted 
‘Then Me_Caldstone tld the clas thatthe distrbution of sores was fly 
sysumetne with 3 mean of 76 and a standard deviation of 4 


PEOELEM One et Jey prtrmbeter othe css Justi yours 
SCOR dems cerry es es hs 


er chmisy mas 15 tad so te eae areola. Se 
‘he scored oy stand etn abv the mean on thts, ey ata 
(sideman tthe das eceiry 


e For Pralce Try Keree 11 


‘We olen standardize obseryatinn fo expres them om a common sale, We 
‘night, for example, compare the heights of two children of diferent aes by cal 
Ccubsing thie tenes AL age 2 Jordan is 89 centimeter etn) tal, Her height 
pts her at 2 score of 0.5; that she fs one-half standard deviation above the 
‘eat height of Dyearald ph. Zaye height at age 34 101 en, which yield x 
core of I. In other words, he sone standard deviation above the mea height 
(of Syearoldboye So Zaye i taller lative to bay hs age than Jordan i eltive 
to gir her age- The standardized height tell us were each child stands (pun 
Intended the datibution for iso he age group, 


(CHECK YOUR UNDERSTANDING 

‘Naval statin la fs aterm the ft hee step of the "Where Do 
‘Stand ety (ge 84 Thc Epc om shown» ple fa cls it dtr 
om alone nih comma setter Rem mpi ope 
1 Lynette aden in the clan 5 ince all Finda inert er coe 

2 Anather stele the ela, Bra 74 nce all How 

{nls Beat emer wih tf the chen Ge epee 
pte mumencl cident pp tout et 
5. Bre ina member ofthe seta cel tenn. The 
sear eight ft player om the ea 76 inches re 


‘ight tals to's Face of “O85 i he fas height 
‘Eston. What w the standard devition f the tor 
perenne 
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Transforming Data 
“Tofindthe standard score (=scoe fran naval observation, we tasfor 
this dts value by subtracting the mean and diving bythe standard deviation 
‘Tmfoming converts the céuration from the orga unis of measurement 
(inches, for example) a tandanied scale. What effet do these ind of tans- 
formations adding or susracting, mulling or didnghave onthe shape, 
cen, and pread ofthe elite Gnbution? Lets aves using an intresting 
‘hata set foot "down under” 

Soon afer the metic ster was inbodaced in Anstralia,a group of sents 
veasaned lo gues the wih of hr clasroom othe nearest meer ete ae th 
ueses in ode os lowest tw highest 


Ao www ww NH 
RE BBW HHS 5 1 15 
15 15 16 lo 16 17 17 17 17 We te 20 
BU 5 sw 


Figure 24 includes dotplot ofthe dats and some numerical ummate. 


2 Fain HO mae ton Range 
wey 46 Te ee 


FIGURE 2 Fam pt ornare sacs br Asan sen pnee he 
‘haem wth 


Les pst what we lead in Chaper 1 and describe what we sce. 


Shape: "The dstibtion of guewes appears bimodal, with peaks at 10 and 
15 meter. Its ako akewed to the ight 

(Center: The median gues was 15 meters and the mean guest yar about 
16 meten. Duc tothe clear skownes and potential ollie the median ea beter 
choice fr summarising the “pica” em 

‘Spread: Since Q, = 1, shout 25% of the students estimated the width ofthe 
room at 11 meters or le The 75th percentile ofthe dsbation is at aboot 
Q,— 17. The IQR of 6 meter dexrbes the spread of the middle 50% of 
student’ guess. The standard deviation tells ur that the average distance of 
student’ guewes fom the mean was about 7 meter. Since s, i not resistant 
to exteme values, we prefer the fv-aumber summary and IDR to describe the 
sarubily ofthe dba 
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‘Guiles: By the 1.5 2 HOR nue, values greater than 17 + 9= 26 meters oles 
than I~ 9 —2 metersae kentied ax olen, So the fur highest guesses 27, 
35,38, nd 40 melers—are oulien, 

Effect of adding or subtracting 2 constant By now, youre probably wonder: 
ing what the actual width ofthe room was. In fet. it was 13 meter: wide. How 
close were student’ gues? The student who guesed 8 meters was to low by 
5 meten. The stdent who guesed 40 mclers wa to high by 27 meters (and 
‘roably needs to stay the mete stem mote carl). We ean examine the 
dutnbution of student’ guening eros by defining a new arable as follows 


mor = gues — 13 
"Thats, wel subtract 13 from each absereation in the data sty to predict what 


the shape, centr, and spread of this new dstbution wil be. Refer Figure 24 
above a needed 


Estimating Room Width 
Effect of subtracting a constant 
Let sce how accurate your predicorn were yo did mate predictions. igh 
ont hee el omni cnn bar 
Vircn ata he stgnl ati entero ited ek 
mi? Sh the pa a 1 ke 
ap what in 
orig dat ace 
Fetcn tensed eee eh The 
should make ere we cles the ror 
ty the acta room wth, 19 me 
ten om cach sd gow 
rom Figure 25, ser clear hat ws 
ang 1 ho each aio di 
affect the shape or spread ofthe dati 
tin But ha antmatn apes to have 
decreed the cener othe 
15 meter, The summary satis in the 
{able below contin or bh, 


oe Om mR Range 
“os 7 2 2 
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Les summarize what we've learned wo far about transforming dat 


{to means of center and location 

see can, median, uate, pet 
+ doesnot change the shape ofthe dstibution or measures of spread (carp, 
QR standard deviation). 


Effect of multiplying or dividing by a constant Since our group of Aus 
tralian students is having some dificlly with the metre system, may not be 
‘very helpful to tell thea that thet guesses teed 4 be about 2 to ¥ meters too 
high. Ls convert the error data to fet before we report back to thetn. There 
ate roughly 325 feet in 4 meter. So forthe student whose error was ~5 meters, 
that translates to 
3.26 eet 
roel 


—Smeten = 16 bt 


“To change the unt of mentees fom mek fet, we ned tip 
Cachet ores y 32 What fl wl hve supe, em, 
Sh ped ofthe duit (Co ahead ue sme pret 


Estimating Room Width 
Effect of multiplying by a constant 


(the to dtbtonn ae ue een. The tom deplete ceva at 
Sa hat tothe ig of htop dp cee addon, he to dtp 
ow ich eater pred Ban the fp ompot 
{When the aos were mented i meter, the rata wa 2 and the mean 8 
$5 ete tamed dita et he tn lhe meat 
‘Gaya se that te mere of enter were lipid by 3207 That 
ec eng al afar cheretons by 108 et oak 
toed should abe be her 


ht he et Mp exh hai 328 nse a 
ipl den ye oti pad yer Te 
teen ccemn Pp il tad Sts ae ae 
a mage a rebel. 

ecm ey el pup Aton ren tit ch cle 
Tota uel Ws ig ise st arate ie 
Sopetae een at toasty Aruengneemrenl twee 
teva 


Section 21 Deseibing Location in aDstbution 95 


a) 


Rrrorin) 44 3.02, cas -5 2 4 wm eo 


[PURE 26 Fon dopo ant aera arma cf ets wom qmig De With of 
‘tar csrcon rete 


ut bee, reap what we dene abt the ef of taming, 
a 


Sn enone poe wh eel aera 


‘docs not chang the shape ofthe dtbutin, 


‘Note that mnlplyng al the vale in a data set bya negative amber multi 
ples the mearors of spread bythe abo rlue ofthat namber. We cant have 
Snegaine amount of arab 

Putting it al together: Adding/subtracting and multiplying/dividing 
‘What happens if we transform a data st by both adding or subtracting a con- 
sant and smulplying r dmiding by 2 constant? For instance, if we need to 
‘comer temperaire data from Casts t Fahrenheit, we have to use the fr- 
‘gula °F =95(C) + 32. That is, we would multiply each ofthe observations 
1by 9/5 and then add 32. As the fellowing example shows, we just se the facts 
boot transforming data that we've alread established. 
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‘During the winter months, the 
‘ado cabin can stay well below freezing (32°F or 0°C) for weeks at 


‘time. To 


‘Celso A depot and rumercalsummanes othe midi 
‘rpertre efor a ay perl ae shown lw 


PORN Ustheac at = (887+ 32:0 hep ou anverthefoog 
ges. 


‘rads an 11°C What te 
200 perce tenpetr dees 
fares? 

sounoe 

(0) comer te tomer me 
‘serene homes ore, 
‘tig ah aby 97 ad hn 
2452 Maya teers 
975 somites the mean 5 
‘ding 32 cobain neve te mea 92 Sth ma tmp dees 
Fata 905) 43) + 32 47.17 ethos doar seen obey ate kk 
e807 het hme temperstar orb 30 prteds abou 47 

(0 tap cach beraton by 97 apes standard deny 815 However an 
‘32tetach sven dese ae hea Sethe standard devin oh emgerta 
renee des on [054227] = A.D Themen th te ge 
‘Sancta ener radags tm emt oabo 4 Taser! 

(6) Bot mpeg acosart adn costar fet lo he 20th prcetle 
{ota ne 90 pre rn Ften, wed mye 30 pre dees 
(sy 9 de a3 (954{11] +22 = 518 


28 8 wie 
Lemperature (Cesus) 


7 Woan etbey Win Ot Woden 


(ere ty 


As pat () ofthe previous example sugges ding (or subtracting) 2 constant 
des ot change an icvidual data value location within» dutribtion, Neither 
‘doce muilipyng or driing by a constant. Consider hi if youre at the 0th p= 
centile foe height in inches, then youte abo atthe 9th percentile for height in 
eter, 
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csc i Se a Wa aa 
a pepe peng vert 
Papal i pierepep temperate 
eee 
Se or anes acacia 
im reese tts ates 
e the entire class test results to =scores, we would subtract 80 from each observa- 
Seen ree 
otenemente ace 
Fe a reacts! 
2B aeeg ene semen ee 
are eer 
‘graph. The dotplots confirmn that the combination of these two transfor- 
acta 
anes Tenuate wane be 
esis 
eases Sage iaeednsceas cen y 
Sreasvasmedi nas aerate ie 
J thiee,| Saree 
oo, tobhe 0 | menurrhanimy yee eater 
sine’? PipeuaSnpcdof ntn olt e ared 
ee aes at Sele 
Spee eset ane erat ate ty 
oar riielatnaa Sistas eae aden 
‘enn compe ap inked 
Pree ener 
fom 


Dencriptive suatticn: Tent acores, saccros 


‘here are many othe types of transformations thal canbe very iin aay 
{ng data. We haye only stadid what happens when you transform data through 
‘xtion,subraction, multiplication, or division. 


(CHECK YOUR UNDERSTANDING 
“Th fe below ses ple of he hit bio for Nx. Nav lay ig 
‘ech comer sls En toner wep. 

1. Sagpone that you convert the la’ is fom inch. 
te Eeaiecters (I tach = 254 con), Dette the eet 
{her wll ne om he shape enter, ad spread of he de 
baton 
Mf Ml Never dhe er lm sand «neh bi 
tons oe ed the seis mem the dance fem 
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dtp of cr cad be the grad, hw wold he shape, ener, an 


DATA EXPLORATION The speed of tight 


Light raves fst, a i cinta, Light takes over 4 second to 
reach w fom the moon and over LO billion year to reach us frm the mos sant 


thjectn the unnene Become rato wanes andar ab evel a the speedo 
taeating with soot and ring sli An cee 

‘alu forthe speed of ight ao porto computer desig 

i bcae ctl gals vel igh ped. The fit tex 
arvipscleripch heed fight were made 

toe than nd by ALA Michela Simon 

encom. The abe blo cnt 68 meaaemen mae by 

talc of he Waren Moramen and backs lance of 


time a soo2482 DADS nanonecon 
‘There are 10? nano cord only the 
‘eviaton ran 24.8 


. The fare provides a histogram aad samc eum 
es jeompute with and without the two cutie 
Mint for these dat, 


i 1. We could comer the pastas time measurements 
iy adding 2450 fo each of the 

le. What fect world this have 

se, an spread of the dribution? Be 


cons by viding each vue by 10 
is have onthe shape, center, and 
Sstbation? Be spec 
cation provide to estimate the poo 
ed Be prepare to ast the 
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Density Curves 

1a Chapter 1, we develop 3 kt of graphical and mumercal tol for describing 
ddsinbaions Cur work five usa cleat state fr explonng dats fom 3 single 
‘gunbatne vale 


Inthis section, weal one more tp otis strate. 


27 wait of the ore of all 47 sneha dein Cay, 
Inn th aay ptt lon st ef ane TH) Seno 
thatna te ane ae ep drut The aga pnt and 
bat al fst oe ge cer pak. eae no ae ps 
shia utr Ta sath cre dee ugh hop he sg a 
ingwe 27 waged dexsipion ofthe nr paler he a 
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Seventh-Grade Vocabulary Scores 

‘From histogram to density curve 

‘Our eyes respand to the st ho m2 as 

‘ent rete fequences (po the slyeatins Figue 28) 4 

ee ered The serosal ba 
| vocabulary less 


Ab 


FIGURE 28 a) The peprionct crs ot an oe nt cu dt 0308. 
(0) The perin fc ts Ran craqadin EO tam te nay cx 0 


“Teal ares ofthe bv in he ham 10% propa fine all a 
the berate peste No bok tthe ne es th he a 
ry the sere eco he io 60 

fom os mat cave we mabe pce he 

lth ape thea ees ner th cae Nom 
“potas tg Wee pe 
‘arent he coe pope othe crt 

“The shaded ae under the cane in Fg 25 pets the proprio of 
Soles overt Gu ras 029% ny O10 aay fen he 
cl proportion 0909 Soar ere edo he ss thas oe of 60 
(itathea ie DM pores Years aed cane ge god 
‘opens eel aie of 97 td ewes, pc 
Splice oes bce oedneks epee on eran 
Tent opr tony cong at ho 


Median of = 
density carve 
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Acune ite the one in the previous example called 2 density curve. 


Density cures, ike distributions, come in many shapes. A density cuve Is 
‘ofien 3 good description ofthe overall pater of dstibuton, Outlier, which 
‘ate departures from the veal pater, are not described by the uve, 7 


[Nast of real data exactly decnbed by a density cure, The curve iv 
‘apprsimation that easy tuae and accurate enough for practical ue 


Describing Density Curves 


‘Our measures of center and spread apply to demsty curves a well tn actual 
ss of obnereatons Areas under a deny cure represen! proportions of the ttl 
‘umber of observations The median of 3 data st the pot with half the ob 
‘ations on either side So the median ofa density cure isthe “equal teas point” 
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Mean ofa 
denuiy cure 


the pont with half the area under the eure ois eft and the remaining half of 
the seat i ight 

‘Because densty curves are idealized patirs, a ymmetic density cue ik 
cexcily symmetic The median of 3 symmetric densty cure is therefore tits 
‘enter Figure 29a shows a ymmcric density curve withthe median marked. I 
{sso easy to sptthe eqial-ateas pot on askewed cure. There ae mathemati 
cal ways of finding the median fr any density cuve. That's how we marked the 
‘media on the stowed cure in Figure 29(b). 

‘What shout the mean? The mean ofa set of observations is tht arthnctic 
snerage, As we sain Chapter I, the mean tbo the “balance point” of dsii- 
bution. That, f we think of the obserations as weighs stung out along thin 
rod, the mean isthe pot t which the rod would balance. ‘This fact i aso true 
‘of density curves The mean of a demsty curve i the point at which the cue 
olde made of ld mage 10 ae tis ct abou 

‘A symmetric cure balances at is center becamse the two sides ae identical 
“The mean and matin of «symmetric density cure are equa, 38 Figure 2.9), 


[cemstensa 


te ON ON 


FIGURE 210 The meanis te btnoe pit ofa ety care 


‘We know that the mean of «skewed dirbtion is pled toward the long tai, 
Figure 2b) shows bow the mean ofa skewed density curve pled toward the 
Jong tail more than the median. 


Beas a density curve isan iesizd ofa distribution of dat, we 
need to disixgush between the mean ad standard deviation ofthe deity cue 
and the mean Zand standan! deviation , computed from the actual observations 
"The wal notation forthe mean of density curve is (the Creck letter ma), We 
‘wt the stands deviation of + dens curve 2.0 (the Creck leer sigma). We 
Saeuhy ea th man ry dey ie by etal Pi 

tion © by eye 


"There tno ea ay to locate the standard for density curves 


im general 


‘CHECK YOUR UNDERSTANDING 
‘Une th fire dwt ereefloving ton 
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3. Tete demay err onte yourppe Mal he appoint min, 
4 Now wet he Ione th mem Eapa byt eae edn 
Hariereerir er et a 


Ratan 
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Summary 


‘+ Two ways of describing an indyidua’s location within a dstibution are 
percentiles ad z-score: An observations perentl the percent ofthe 
‘dstnbution thats below the value ofthat abseration. To standardize any 
‘obseration , subtract the meat ofthe dstibuton and then die bythe 
standard deviation. The eal =scare 

Sead devon 


Sy ow ay adds fot drat me We 
canabe we sacrst dae standing 
eo" - 
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Natherf thxe Waites change the dap othe dation 

‘+ Wecan etme: dese the overall patra of ttn by a deny 
curve Adena cune sans wanaim on rane the riz a and 
fetal ares 1 undcmear t An ates unde denty carve pes the 
propetin of hero tat lx eng of lat 

+ Adery cure isan dese desrpton ofthe veal pater ofa 
‘tnbtion tat moc nt he ert te acta data We wie 
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‘cuvear ot dingiah ot fom te metn Tad iedandard deviation 
‘ott acl dt 
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temp tetas pif th ete. The mtn shee 
te te cnet al Theat devin o amt be seb ye 
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© Them ad tian pd fst day ces The mean 
2 ibnee ce siete ater end he og lh or nti 
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Exercises 
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Ak xine The pene ple chow 
oc facies bc pres d egal 
ted the SD sates 
(a) The bihliphcd pint fo Maryland Deere 
‘what he pap ells you shat itt 
(b) Use the grap etint the 50 percent of 
‘he dirbuton Explain your meted 


noo 


compan 
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(e) Etna the 6 percentile ofthe detain 
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Reading fe Thi placed Sot tthe 6h peeefile 
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‘seed deviation war 

(a) Wete a sentence or be comparing Scots per 
‘ene arn the maton po et ake sd 
Sone the toy at hr slel 
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(a) What al dot the men slr? Tote 
‘edn sal? Fup our rower 
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"he sandal deviation Ela your anseer 
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Normal Distributions 


‘One particularly important clas of density curves ha lead appeared in Figures 
2, and 29\a) They ae called Normal cures. The dtbutions they de 
Scribe ae called Normal distributions. Norn distributions play large rle in 
Slats, but they ae rather special snd not atl “normal” in the sense of being, 
‘usual or ypical We capitalize Nowa fo remind youthal these cuves ate special 
Lok at the two Normal curves in Figure 2.11, They illustrate several important 
facts 
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Fortunately, befre you ind younelf ging straight down, the slope begins to grow 
At ater than seeper a ou go ont and down: 


ae SS 


“The points at which the change of curate tale place are located ato distance 
an either ide of th mean p(Aieanced math Stodens know these poins 35 
“inflection points") You can fel the change 2s you ran a pene along 3 Normal 
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Whi ate the Normal dso important in statistic? He ae thee reams. 
int, Normal datnbutiom ae good descriptions fr seme dtbutions of real 
dat. Dutributions that ate een cloxe to Normal include 
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The 68-95-99.7 Rule 


= ACTIVITY The Normal Curve applet 
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5 tthe igure, about 99.7% ofthe area under 
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‘Figure 2.12 leas the 65-98-99.7 rl. (Some people 
‘ef to this sul a the “empiicl ue") By remember, 
these thice umber, yu cat think about Normal dist 
toms without constantly making detailed ealewations 
Here's an etal that shows how we ca ete 05-95 
1997 rule to estimate the percent of observations ina speci 
Sed interval 
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TTBS Vocabulary Scores 
Using the 68-95-99.7 rule 


Earlier, we saw thatthe distribution of fowa Test of Basic 
‘Skills (FTHS) vocabolary scores for seventh-gade students 
{a Gary, Indiana, i close to Normal. Suppose thatthe 
itniostion i exactly Normal with mean j~ 6.4 and 
‘tandanl deviation ¢ = 1.55. (These ae the mean and 
Standad devsion ofthe 947 actual cores) 
prone 
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2a = 6 D4 — (24198) =6.04—310=5.74 


+20 =6B4 + (24158) =684+310=994 


‘ether to ses ae ets he range Becase Normal trina eye hit 
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IGURE 253 (Noma ent ae Be net score Feng pero oa 
‘atecome ean 37, 


|FOURE213 (6 Fig te pce otowe 
“et scons beanen 5.24 ard 8, 


‘The 68-95-99.7 rule applies ony to Nownal dstributiom. ts there a silat 
‘ule that wouk apply to ay dation? Sort of A est known a Chebyshev’ 
fnequality ys tht in any ditrbution, the proportion of observation falling, 


within standard deviations ofthe meant a oat 12,1 = 2, for exam 
1 


le, Chebyshev icqality tell that at eas 1 — = 175 ofthe oberon 


tn ay dttion oe win 2 dan devin of the met, Por Neral 
Anbu, we Know that his proportion iach higher han 0-75, tn fat 
Sprint 09 
‘All models are wrong, but some are useful! The 68-95-907 rule describes 
se te rind bel ea ean 
‘ever ell Normal For one thing TTBS scores are epi nly the nes 
SE Spelman 
caine #3 goed approximation snd beezse we think ofthe Enowledge 
the tet messore ax contra ae than soppy kent 
Hom well dos the 65-95-99 ral describe the sca FHS acres? Well 90 
ofthe 04 score ar between 374 and 9.94. Thafs 95 04, ery sera indeed 
(Ofthe remaining 47 score, 20 are below 374 and 27 ae above 9.94. The al of 
the actual dala ate not quite equal. 2 ey woud be in an exactly Normal dit 
triton. Nonna distin een decribe real dt bate the center ofthe 
Alston than nthe exreme high and low ti 
‘tin Carp Boome Aloe ae wong, bse 
are wet 

2 


(CHECK YOUR UNDERSTANDING 
‘The deibation af beginofyoung wemnen ape 8 te 2 i apromatly NUGAS, 25) 
1. Stctch Normal dematy came fo the dren of young womens eh Label 
(he pms ane fea and hres saad devs om he mes 


2. What prec of oung womcr re hag ate than 5 nce? Show your work 
15. Wht percentage oem ane etree Sane 72 inc? Show ou werk 
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The Standard Normal Distribution 


As the 68-95-997 rule sugges, all Nonna dsributions share many propestis. 
In fat all Normal dstributions are the same if we measure in unis of size fom 
the mean jas center Changing to these unt exes fo standaie, js a 
wwe did in Section 21 

= 


the variable we standardize has a Normal distribution, then so does the new vari 
able = (Recall that subtracting + constant and dividing by a constant don’ change 
ihe sap of dtm) Ths new drt ced he standard Noma 


‘sie ety cn na proper th retin na 
tom. Ay quo aba wt propa of oben he sme fae 
ace coe verde wn set ar ra 
‘rb, he 95297 rls at bot 4 a heal 
betnecns lanl 1 tat ih one andr dest oh mes 
‘What we want id the percent of ran a il teen = = 135 
Ihde 125 The 65-9597 le ca lt 


‘Became all Normal dtbutionsae the xame when we standardize, we can find 
‘areas under any Normal eure fram a single table table that ives area under 
the curve forthe standard Normal dstrbution, Table A the standard Normal 
table, gives areas under the standard Normal carve, You can Sind Table Ai the 
buck ofthe book. 


table en foreach 


For indance, soppose we wanted le find the ropation of cbseratins fom the 
standard Normal ditto that ae le than 181 To fd the area tothe let of 
(OS, locate 18 in the lefthndenkumn of Table A, then eat the remaining digit 
‘i the top rm. The entry eppenit 0 and nder 01 is 7910, Tiss the aes 
‘nese. A repdoton of he leant potion of Table A rshown in the margin 
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Figure 2.1 ifnrats he reatonipbebeen he vale: 0.1 andthe are0.7910, 


‘FIGURE 215 Theres under 
‘sanded Noma cane 
‘altel Report? = Ot 
oma. 


‘Standard Normal Distribution 
Finding area to the right 
Wit fy waned ond the of ceria fom the ana 
‘mal ton te rot an 173) Tf tees he 
Pha eed mn le hen ete 
alg gh Han he op om Te creping 
Bntekecethe canbe 
“Thine aren othe if Toft arnt tert 
wee th tht len dre and Ne 
25 emiy amen. Sle deed popaton = 00873 = 09825. 
igi 216 taste elation eae = -178 andthe ea 
tears 


Acoma st isto waar in Tb Ac rt 
the ey cmapning that mln, ede of where role 

tk forth ave the ft othe ight of that =e To vet mak 
Ings mistake, shops he tara Normal care, ar the ae, and 
‘hod the resent And eyo ah mae our newer es 
$Me inthe cn fhe lem. 
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ae ty jonny tat 
seevauae 
<Q iar une © enrHBED SAREE 
es 
feces PE 


Catching Some “z"s 
Finding areas under the standard Normal curve 


{08D Fate reprints he stand Koma stint are 
etme —125 04031. 

SOLUNON: Frome thearea tthe f= 0.810.790 andthe ares thet ot 
= —125160-1056 Sothern nder th standard Noma care hae scares 
(.7910 ~ 01056 = 0.6064. Fer 2.17 stows yt appranch ers 


‘IURE217 On mye ten 2= 125 r= 8 arr rd Ne ce 


esate oad ded area Tee the tem —1 25 ade 
stand Neralcoels 0.1056 Te areata te mitt Otis 1—07810= 
| 02090 Setae aes tact traci 


| 1—(01086-+02050)=1 0314606054 
Fre 10 sewer 


QUME 248 Te are ar he 
ssrusrilers anateneen 
{asand2—08 @05ESL 
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firm areas under the standard Normal curve Just enter mean 0 and standard 
deviation 1, and then drag the fags to the appropriate locations. Of cours, 
you can ao sketch 3 standard Normal curve snd find areas under it wih your 
ealetlator. 


& You can use the Normal cure applet at wy. whfrceman-comipste to con 


TECHNOLOGY CORNER The standard Normal curve 
‘The TES and TES can be wed wal id reas ur stand 
Normal eune 
‘Te draw a standard Normal cure: Fist, tr offal statistics plots 
1. Enlrthe forms forthe standard Normal density curve in V2. 


j Tiss 189 

| Define vi-roreatpatx.2.2). Define .=eietatnormrlf x, 0,1). 
‘ePreu x With the cunor «Prem @IED(x~). With the enor 
neato pe RATED ores) next oy prew CATE and choone 
snd choot snermap 11 viash is. 
sPeaEZEACEEIED 0 * Frew BN) arow lo nacartt 
complete the formal (and pres (EEZED Type I 

complete the formals, 


L$ rem GT oecxoom. Enter 
Xin = 4, Xmae = 4, Niel = 1, 
Yin = 1, Yimay = 3, Yel =i 


ren IT cra od 
‘the curve, se 


oreatewiaa aD 


=o 


5 tof around the wandard Normal cure Goto the hme ree, Use 
the adeNonm command ind the de re 

TES} Pe EMTs, ro oc al nme shade 
‘ecet Complete the comand stadaree|inwer bom. oppar tour.) 
"TES: res CHEE and chon ro iach ape. Trem Os), artow to 
shearers (and pes GHEBD. Couples the command sbadiora over 
fundies trans p=) 

"Nate: Alle ich ie you wa shadeNorm, ease the command isaraw 
toro the shading. (vara can be fxd i he CATALOG or in the 
[DRAW mens onthe TH5V54 


Sos, woh lab ind dt ad Noma cae fom 

com Whale wnt ede cae conegchs pua es? 

ae Ter camp tin the 9h rect the sa 

Bato {somal crve Wee nig rh aco a 

Wray? ‘90 percent ofthe area tots eft a8 shown in Figure 2.19. 

‘See Te Apsara lcet pect, 

tcf from opie pron Te 

tite om pedicel patna 

‘you canee hah deed eee 124 Tt 
mest ks = 138 taypasch 


URE 20 Th sacar wh ao 0901 andere 
‘sande Neral sine 


‘CHECK YOUR UNDERSTANDING 
‘Ue Tae in the ack of de bo onde prope of bration rm stand 
‘Nema dition tha al coc th lew ego In cach ne, an 


dsl Nord eure ond shade th rn vgs te ee. 
Leck 2e>-2i5 3-056 <r< 1A 
{Un Table Aoi he vl nthe andar Normal ht micah 


ofthe felling coro fn each coe sich a sander! Neral cre wh ou alae 
rontedarteam. 
‘4. The 20h poet 5. 45% ofall bration teeter than 


Normal Distribution Calculations 


‘We can answer 2 question about proportions of obsatons in any Normal di 
tribution by standazing and then tsing the standard Normal table. Here is 2 
‘utline ofthe method fr ining the proportion ofthe dsiibution in any ein 
‘You should eengnie the female forstep proces (Remember, Sati Pb 
Jems Demand Consistency) 
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‘Do- Perfo calewations 


| Sundae «to tate the problez in terms of standard Nona variable = 
| Use Tale A and theft tha the lta area under the curve if find the 
‘teguiedatea under the standatd Normal cure. 


‘Conclude Wie your conclusion in the context of the problem, 


Here's an example ofthe method a work 


Tiger on the Range aa 
‘Normal calculations 
=e eee een 
ge cramer ae mars 
fighter eects ce 
Sebel 

a ee 
a 
ae 
ren 


‘GUME 220 Otc alate Wado $822 280carepnds tox > 1.75 underte standard Norma 


fer 


+ Useh eset he option ot artionslee ha 1.75 60.0401. beet Af 
“igers resales tae 250 ade Taro therighot 1. 75ietheore 1 ~ 00401 
019599, isis ant 096, or 562. 


CONCLUDE: About Sa ger Ras es on thang tnat east 290 ads 


In a Normal ditibution, the proportion of abseryations with «> 290 ix 
the same asthe proportion with « > 290, There ie no area under the eure 
cexacily above the point 290 on the horizontal aus, xo the areas under the 
ceune with x > 290 and «> 290 are the same. This rue ofthe actual data 
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“Tiger may hit deve exactly 290 yar The Norma ditebtion jut an easy to. 
sme approximation, nots descripon of every detail inthe actual da 

"The key to doing + Normal calculation to sketch the area you want, then 
match that area with the area tha the table ves you. Here another expe 


Tiger on the Range (Continued) 
‘ore complicated calculations 
‘What percent of Tig dvs tel Between 305 and 325 yan? 
‘STATE. Astepro emp wet =the dtaa Tysal esHenet he 
ree 309 1385, 

‘Ade ge. a pcwea edeaonth teat 
‘owt tle 


seabed Meaeabetaer = 013d 2.6316the 
“meats theltof 2.63 ns hae thee 0.13 Laka 
the ptr eo cack hs From abe. are btn. 
URE 22¢ Ostace row Ti We vs cre ay 2.3 ~ arent tele of 2.63 ~ area thee of 0.13 = 
‘ge (09987 —09517=04440. 


CNCLOE A Ati seth Ee 
Prey aie) 


Sometimes we encounter a value of < mare extreme than thoxe appearing i 
"Table A For ample, the area tothe let of = = —4is not given dgetly inthe 
table The =salver in Table A leave only area 0.0002 in each tail unaccounted 
for For praca purposes, we ean acta there is ero aea ouside the range of 
‘Tbleal 


Finding 2 value when given a proportion The previous two examples ils 
trated the use of Table Ato find wat proportion ofthe oburations safes ome 
condition, such as “Tiger's drive travel between 305 and 325 yardk” Sometimes, 
‘ve may want fo find the observed value that comesponde t 4 given percentile 
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EXAMPLE 


“Todo this use Table A backward. Find the given proportion inthe body ofthe 
table, ead the conesponding = from the Ie column and top ro, then “unstam 
ddardize” to get the observed yale. Here's an example. 


2 oan 

Using Table A in reverse 

High lee of cholera a the Bloed increase the tik of heat dacs. For 

‘yeara to, the dation of oad colette i appreaimatdy Noel 
of cholsrl per dvr of Hood gal} and 

“imal ™ What he fin quate ofthe dition of 


STATE. Cahchlstenlet his arial the W170, 30d The ts ure 
steve ol soth 25 the tr tse 


Ne ire 22 shows a tee wat meant ad 


FIGURE 222 Lozatng eft gar echt 
Sariconty tegen doe 


20. 

+ Use titeA anther te xr dosst 100.25. 0.2514.Tskhe 
‘ir cmapndg ts = 067 See O67 thestandsd ath aresD 252018 
ee 


* Untandndes Wen th he standnd a tte ape cesta c= 

067 Sensis bergen *179 = 0.57 Seg isis 
s=1704(-08700)= 489 

CONCLUDE: Mest ure ose chester 14-year eys iso 150 ml 


Ox: 


As youve probably guesed, your calculator wll help you perform Normal di 
‘nbn caeulstons. 


In. 


Sie) 
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TECHNOLOGY CORNER From zscores to areas, and 
vice versa 

Finding wea The noresicat command on the T8814 (scracat on the 
"T1S9) can be wed to find ateas under Noma curve. This metho i quick- 
than stassuor= (see the Technology Corner on page 118) but hab the 
ddshaniage of not prowding spiture of the area it is inding, The sax i 
familie: nermaloat{lover bound, upper bound, 4, 2) L's con oUF 
cater answers ithe two Tiger Woods examples. Recall that p = 304 yas 


Pando =syans, 

5 Whotpepetinet Tiysdmeson thereat et 29 yh? 

i Ths TH 

q Pres CREA corere) and Pree CRIES viash apps) 
5 Gee sieerstete alder 


‘Complete the command cor *Campete the command tistat. 
ialoat290,400,204,8) and pres normodt 290,400,304, 4) and pres 
om oz 


Nate We chne 40 th pe ul stn a, ay tad 
deviations above the mean. hanes 
“Tene else with oor evs awe ig Table A095, 


22, What percent of Tiger dives travel between 305 ane 325 yard? The 
‘crn shots below niet that our eae reso 0.440 nn Table Awa 
Iie ff. This crepancy wa ease by the fact hat we rounded ur acon 
to two decimal place n onde to we the table 


Working backward: The TES3/84 ad TL89 tmiora fanctioncaleulats the 
value corresponding o a goven percentile in 4 Normal dtrbution. For this 
command, the syntax is invtcen(percenttie, 0}. Les confi our result 
fom the ample inyelving cholesterol levels st 14-year-old boy, Recall that 
= (WO mejdland o — 30 meal. 


3. Whats theft quartile ofthe distribution of blood cholestrol? 


* Compare this with the result of. 


(O05 336,306, 4 
rte ou at 
‘ anomacaeuat 
Ao vy 
‘un ra wal wn 


TECHNOLOGY TW: Forney, shaamrm, ermal sere, 

thes rae ands = 
pelt hm te i gr 3 ot ott 

tcelcntbnton er Syed rt 

Tile Aest (90 ogi) The ead entender at ts tes 

Normal dart 3 he oberon aiden == 07449 (Wes 

Poa xe pan cast wich expan) 


‘CHECK YOUR UNDERSTANDING 
the mth shen nc exp ane cach ef Ue 
yorcdnintatielonlGrwcgitwecad yeas 


1, Chote os hone 20 ta atenton, Wt pve! 
Tieneallloqeane meth 306 eden? . 
2 Rope wi shod seen 20 on 40 laf omen i 
het dc What pnd gcd ns ae od eel te 2d 
Somer 

3: Wht won alle eel oe oth th pen of Tiger 
dhowtenghs 


Assessing Normality 

“The Norma derision poi ood moh some dtbtions of el deta 
Examples mele SNT and IQ te sce, the highs ga meage of 2009 Con. 
tele cooretbls, tate unemployment i, and weighs of Douce age fp 
{So chipe The dtbutons of me ther common variables realy skewed 
{nd therfore dainty too Norma Examples nclade ccm eis och 
2s penonal income and tal sles of buses fms, thesia mes of eaneer 
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patients after eatment, andthe Iftime of electronic devices While experience 
‘an suggest whether or not a Nonnal dirbution ia reasonable model in a pat- 
Hula ease, i fay to asume that a dstnbution is Normal without actually 
inspecting the dats 

the later pat of this cous, we will use various staistieal inference proce- 
dares to try to arawer questions that ae important to us, These et involve ar 
pling individuals aed recording dats to gain insight about the poplin from 
‘which they come. Many ofthese procedures ae based on the assumption that 
the population & spprouumately Normally dstbuted. Corsequenty we need to 
develop stratey for anewing Normality 


Unemployment in the States 

‘Are the data close to Normal? 

Lett dat ae nthe 50a in November 
200 et sega El oe (Nees 418) hid 
(Michigans 14.73)" 


41-45 50 63 G3 64 64 66 67 G7 67 09 70 
70 72 74 TA 74 7H KO 80 82 52 RA 8S 4S 
AO RT 88 8s 92 95 96 96 97 m2 103 105 
106 108 108 109 M11 WES 123 123 123 127 147 


“+ Perth dts Mak» pl ompo rham 
See i pp spay omic 


Figure 223 his othe sate unplanned 
‘Sethe pa gh mn ge ss, 
|® Check whether the data follow the 68-95-99.7 rule, 
We eotetd the unemployment compat 
Totnes egueedSumiary stain. Hete 
hate got 


2 Beandard deviation = 3.238 


[Now we cat count the number af observations within 
fone, two, and three standard deviations of the mean, 


Mean £ Ist devs 64571010907 So eut of 50 
Meat + 2ed dex: 42524015152 48ontof 50, 
2007 to Sout of 50 


7k 
96 
1005 


"These percents are quite close tothe 68%, 95%, and 99.7% tages for a Normal 


Stnbaton 
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1a graph ofthe dats is clearly skewed, has multiple peak, or it bell-shaped, 

thats evidence thatthe dribution i pot Nowra. However, ast breause pot of 

the data ods Nona, we east sy tha the station is Normal, The 08-95— 

Normal 997 ule ean ge addtional eydesce in favor af or aganst Normality. A Normal 

probability plot probability plot ako provides 2 good aucamnent of whether a data set follows 4 
‘Nonal dtnbation. 


‘Unemployment in the States 
Making a Normal probability plot 
Mont software packages, including Minitab, Fathom, and JMF, can construct Nor- 
‘mal probability plots (sometimes called Normal quantile plots from entered data, 
‘The THS364 and TT wll abo mak thoe grap Heres how a Normal prob- 
aby pots onstaced. 
1. range the bere dts vale fr alle | 
‘ chabert tet the le 
eet} Rr eee he nd Geenaten ead of 90 a 
‘ther the Ob ecentlece Oot 50 vali ate Blo Berton) te 
od peel ne I ot of 59 ve ae trio ths obser) Tek 
‘ual pln the dicen” detain in 
tt a be a the (0-4 2)/2 = It pret By 
ar rennin the secondamale ye fa the 
3rd percent, the thrall! yale a he Sth 
percentile an soon. The mata yale the 
{55-5 10052 = 9 percent 
2 Ue the atadrd Neal dbo Table A or 
“Envios to find the zacore at there wame percentile 
ie enample, thet pert ofthe anda! Nona 
<atnbution = = ~2 320 The hd percentile 
“ss; the ith perce Wz = 1.045, 
ms penile 2 = 2328, 
3, Pht each aberton «aa he cormpding =f 
the data dtribation is lene fo Normal, the plied pois 
‘nil ie ce fone sgt he. Fe 224s 3 
eli pati a on dt 
GURE24 Noma peste pet cine There 8s sng inst pat, which ass 
Pre netfee ation of uneplomentee cle Noa. 


e.. 


ereatceeran _ AS Figure 224indiates, real data almost alvays show some departare 
(ituvoomeeneewnes fom Normaliy. When you examine « Normal prbubility plot, ok for 
Uintmccowsmesise shapes that sow clear departres fom Normality, Don overt t mi 
JatteweneTeTrathe nar wiggle inthe plot When we discuss statstical methods that are based on the 
trait eyouschopore Normal model, we wll pay atlention to the smitty ofeach method to depar- 
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tures from Normality. Many common methods work well slong a the data are 
approuimatly Normal and outer ate not present 


——— —kl x= 
Mie pn on erably pl ce sh te 
Inde he a Nema Scat dans at rig Oe 
Inca Srl eta, ten ayer pacsta ow ay 
fot rl pret 


{Lets look at a example of some data that are not Normally distributed, 


Guinea Pig Survival 

‘Assessing Normality 

{tn Chapter | Review Exercise R17 (pape 77), we introduced dats on the survival 
times day pins pater ey were sje wih fects baci 
‘mda experiment 


PLE Deere ether ee te ponte Nery red 
“SOON Lets the Rest sep nw tezegy er ssebing Nrmalty pl he deta 
Figur 225] shows stqram the geal seal tins We can ee ths the dr 
‘nish pet -sewed gre 2 25 aNermal pay tf he dat Teer 
caratara th raph contre tat thee dt doe lon Neral dtrstion 

ese ether cing th 6-95-29. 7 forthe datas the ape 
Fee 225 eat snon partes rom Norn 
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ABI 
I 


How can we determine shape ftom a Normal probability plot? Look athe 
"Normal pebability pot ofthe guinea pig sural data in Figure 225(b)- Imag 
ine drawing line tough the leftmest pots, which correspond to the salle 
fobervations. The larger abserations fl sscmatically othe ight of this line 
“That the right ofcenercbservaions have ruc Inter values than expected 
‘sed on thes percenbles and he corresponding =scors fom the standard Nor- 

‘mal dstbution 
"This Normal probability plot indicates that the guines pig survival data 
are stonghy rightakewed, It a rghtalewed durbution, the Largest abservs: 
‘ons fall dine 0 the right of «Tine drown through the main body of point. 
Sil lesewne incident when the alles elnentio fl ithe 
2 


youve wondering how to make a Normal probability plot on your calculator, 
the following Technology Comer shows you the proces, 


TECHNOLOGY CORNER Normal probability plots 


“To make 3 Normal probably plot frase of quantitate dats 
* Enter the dats vahics Lal. We ne the ast unemployment res 
dats from page 125 

' Define Matt as shown. 


“The Normal probability plots quite linear, soit is renonable 
to belive thatthe dat fellow 2 Normal dtrbation. 


Section 22 Normal Dstibutions 129 


DATA EXPLORATION The vending machine problem 
Hie you ever purchased hot drink from 2 vending machine? The intended 


sequence of event uns something like this. You inert your maney 


to the ma 


thine and select your prefered beverage A cup falls ut ofthe machine, nding 


case closed 
Do You Sudoku? 


Inthe caper opening Cae Sty pas 3), 
fone the ators played 2 

tivo. AL the end of is game, th graph 
twas played. The demiy carve shown wat 
eesti rom 3 hntngan of ne om 
*4.00,500 snes payed sn one week at this 
ibs What can we lear foe the raph? 


‘The author’ time of 3. miles and 
19 seconds was well below the meat time 
(of 5 minutes and 6 scconds to soe the 
‘eagplevel puzzles n ft, his performance 
placed him the 1h percentile of des 


‘upright Liguid pou oat unt the cup is neatly fll You reach 
‘2, gab the piping hot eup, and drink happy 
‘Sometimes, hg gp wrong The machine right supe your 
menu. Or the cup might fl er More frequent, eventhing 
‘cs smut unl he gud bes to ow might sop Flowing 
‘shen th cup son half all. Or the lagu ight Keep coming 
your cup meres. Nether of thes Fels lees ou ished 
The vending machine company wan to keep customer, 
hhapp. So they have decided to hire you aa satisieal consul 
"They provide you with the fllowing sumsmary of por 
‘Gets shout the vending machine 
* Cups wl hold 8 ounces 
1 The amount of led dispense yrs acorn to 4 Nort 
Adstubution centered atthe ea phat etn the mackie 
3 cap comtais too much liquid, 2 customer may get 
‘burned foe 3 spl. This could real a a expensive lays 
forthe company. On the other hand, customers maybe i 
tate they get» cp wi too lie guid fom the machine 
sive these have, what mean setting forthe machine would 
you recommend? Write a bet report tothe vending mchine 
Compaty present thal explains your ner 


nine ga of 


Solution times The density cures ightstewed shape reveals that most players were 
able ose the cay purles m2 ry shor tm, bt few people took much Tonge. 
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Summary 


Se ee ene 
Ee ler eee Sheplpe pet 
sigh betcepbctont eto 
reper rer ere et 
pee eos 

Tae aaa es teen nem ance 
pura comes erarieaa 

peace eee eee 
Cpe lem pn pets 
emo 

ace 


“The abl ha th andard Nol dation with can Od 
“dard dev 

+ Tble nat the bck the book pe peste fr the tana Nomad 
tie yang wean ie imi he pre 
foragnensscoe rth oer caren agen cent 
ty Noel aaa, osc our este ort Neal Care 
{pple pets Sena ease gat, 

+ Tope en niece process ie chap, we mil eo 
Taka htt coe ent popes ev precy Neral 
‘hare oan Nona fra genet of we int ler the 
ship dlp hg, Then we ca chek bw wel the 
{kr the 295987 lr Neral tition, Anthro 
ior aneng Normal coma s Nona pbb pl 


Exercises 


M1. Men’ height The dion fief wt 
Vip efter ee 

Reker oe tclnd dot 23 es oor 
Saar 
Soden pe mrt ete ies Dore rte 
ck jor By Fo ce eo oe 
then mek he nso on) 


12 at hin The dbo of weigh of Younce 
ba lpia brand pst ip pps 
pa a errr 
Stil dvution ¢ = 019 oun wan ere 
‘Ash ofthe dn pt hp tas wee 
eon iielirreasel anes pian 
woven hee tana deta oes one 
steam othe atl 


10 Mei igh Heine fete 
Pc piremirer tinea 
Oe ret 
(0 Wirt fem ir 
os 
(Rw hat hh ei 8 en 
th 
(Wt pet fen ete 6 
(eset 
(0 Aight 5 smoot 
Ole eereererry 
4 Rath a the 
Sain eigen ae 
mou 
TO Wit pot eg hn hn 2 
(Rw ha ph dee mile fg 
th 
6) Wet ot ea ie 
P eitetel wee Ty 
Alga fe en 
Pe erie tel 
1% Eating Th gt hh 


[Neral sve bo wh eam 
‘etn ec sended devon of ek oe cored 


at 
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65 Aer crv Fait the ean anda de 
‘ster athe Neal denaty ce the fie Pon 


Fe Enrine 47 0, un Tab At ind the propia 
cation fr the slat Nora dt 
(ats the fltng tte Bec exe, 

‘Seth tended Neal re ad nde ere dt 
{Be cue that the anower fo the qoostion. Use yur 
‘oltre Nermal Cure apltia check out awe 


Tab A pectin 
(a) 2<285 
iipesr 


6 Table Ape 


(a) <2 
peers 


fe) 2> 166 
(@ “tees < 285 


(9 0m c2<246 
(295 <2<-127 
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“YL More Table A practice 
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2 Chapter Review 
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‘A modieal sy finds that short women are more likely to ave heat attacks 
than women of average height, while fall wornen have the fewest heart altacks, 
An insurance gmp reports that heavier cas have fewer deaths per 100,000 ve- 
hnicles than lighter eas da. These and many ether statistical ses look atthe 
‘elaionship hetncen two variables However, sttsical relationships are overall 
tendencies, not absolute ules Although smokers on average die younger than 
‘nonsmokers, there are exceptions, such 3: 4 penon who lives to 90 whale smoking, 
three packs day 

mu Section 11, we staied relationships between categorical variables This 
chaplerfoewses on elationships between two quantitate variables To under 
Sand 2 satstieal relabonship between two variables, we measure both variables 
‘on the same group of individuals Often, we must examine other variables 3s well, 
“Toconelide tha shorter women have higher rk om heat attack, fr example, 
the researchers had elaninate the eft of oer variables like weigh! and exer 
‘ee habit One of our main themes thal the lationship between fo 
‘unable cam beara influenced by other vaiales that oe lurking 
the background. 
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‘Mont statistical sties examine dala on more than one variable, Fortunately 
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‘We think that car weight helps explain accent deaths and that smoking inf 
‘ences Me expectaney thee elationabipa, the two variables play diferent role 
Accent death at ad fe expectancy ae the response arable of tee Car 
‘weight anid numberof egaretisamioked are the explanatory variables, 


[i exes fo identify explanatory and response variables when we actly 
specify rales af one variable to ace how affects anther variable. For instance 
{study the efect of alcabo on body temperature, researchers gave several fer 
‘entamount of alenbol mace. Then they messed the change each moses 
body temperature 15 minutes ter In this ase, amount falco sthe explana 
tory variable, and change in body temperature ithe response variable, When 
‘ne don tepec the wales of ether variable ba just oben 
both variables, there may or may net be explanatory and 
rexpomerarables Whether thee are depend on how 
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In many studies, the goals to show that changes in one or more explanatory 
variables actually cate changes ina response variable. However, other expla 
tor-rexponse relationships dont imolve divect causation. tn the aleohal and 
rice sti, skool actualy causer a charge in body temperatire. Hot there i 
‘no causesabeffeet elationship between SAT Math and Creal Reading scores, 
Because the sore te cloely elated, we can al use a tae mean SAT Crit 
cal Reading score to peat i ican Math core. We wil lear how to do ich 
predictions i Section 32 
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grasinwoicatese. Displaying Relationships: Scatterplots 

Eepowteh ST heste The wot wel zap dpi the clamp tec vo guiae 

‘ata satel Fig 3 shows a scarp ef the percent of high 

‘choo gc each st wha took the SAT ad the 

Stes mean SAT Math score na cen year. We thin 

thal percent tating” wl help expan “tea score” $0 


reporne 
score changes when percent taking changes, 0 we pul 
‘percent taking (the explanatory variable) onthe horizon- 
[Blasi Esch pont represents 2 ingle state In Colored, 
for example, 21% took the SAT, and their mean SAT 
‘Math score wa 570. Find 21 on the x horizontal) axis 
‘and 570 on the y(vertial) ai. Colorado appears 2 the 
point (21, 570), 
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vaso one variate appear on thehorzrta a, and he 
ee RenaE ah iaaeeehbeiaainte case 


Hovssrepsayreren Always plot the explanatory arial, thre ne, othe horizontal xis the 
‘ecipmany wns” xa) of seater Aaa reminder, we wal ell the explanatory warale 
pamper nd the ropome vaable yf thereto explanstor-rspone dation, her 
Tariable a go om the heron ax 
"We tse comple afate produce Figure 3.2. For some problems, yu 
be expected to make waterplot Oy hand Here's how oda 


he following cumple iitrates the proces of constructing a ealterpot 


Heavy Backpacks 
Making a scatterplot, 


Ning dents tthe Web Scho go on cgi tip ah fl 
sch oe dein ng pep of oar Ty crn ons a 


Before leaving sadens and ther ate weighed Here ate data from one 
Taking rou ms ecent year 
Body weight (by 120 1ST 109108 TST 168158 16 


Backpack weight Ib; 26 3026242) S 8 
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Interpreting Scatterplots 
“To ote seater follow the ae tate of data nas rom Chapters 
ok for pero ad mpertnt deviation fom thn tern Le ke 
3 ne nk the seater fm Fige 32. What do 
1 The ph shows a les dietion the veal 
Pater ove fom pp le lowe ih Th 
{tm wbch higher paces of bh choo pad 
2s take the SAT leno have omer aneen SA Math 
score: We ll thes neptve aia tween the 
trovaes 
4 The frm of thereon shay carved. More 
: ct sate ln one oo tint chat 
TERE BE SSS ia Sbethae thats, 25 or ever pads tock 
Pont hig AT ‘he SAT Inthe oer half mor than 4 took he SAT 
The strength of relationip na setae dete 
mined by how clone the ptt flo clea ann. The overalls 
Figite 32 emedraey song ster wih sila percents aking he SAT ed 
tobne roughly uindar ean SAT Sth score 
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To states standout inthe scatlrplot: West Viena at (19,501) and Maine 
at (87,466) These points can be deseribe 2s outlier since they fll ouside the 
‘ovenll pater. 

Ne What explains the clusters? There are two widely used college entrance ot- 
ams, the SAT andthe American College Testing (ACT) exam, Esch sale for 
fone or the other The ACT states chutes the let of Figure 3.2 and the SAT 
Satesatthe right In ACT states mos students who take the SAT ate applying toa 


TT lectin cola that peers SA cones Ths grupo des ars ight 
tnean acorn he mac ae ropes who take te SAT in SAT st 


* You on dese the overall pate of caterplot bythe diction form, 


Id arent era 
* An pot ind of depart anor, inci a tha Gil 
‘nal pater of he ktm. 
ey ecient ming ee a ft een 
Heavy Backpacks 
Interpreting a scatterplot 
Inthe Lt example, we contracted the scatter shown tha ply the 
eights od clock weigh = oop of ike. cl 
‘eon rte eer ree her 
step bremees body weight and pack weg 
‘SLT Fr ented pte ely 
_ any deviations trom the pattere Direction te general. it appears that 
are carrying ptter backpacks and heavier students 
_secarpg heer 
Seema om eters oes oe 
cence gp i 
ety coe rer pra Se 


zoho moder tog 
‘he raph—th erway weigh 17 ponds an pack eight 30 
pods He seem tebe caring les elt ois wiht aeTae 
her epee. 

(Gilera 


So fir, we've sen relationships with tro diferent directions. Backpack weight 
generally increases 25 body weight increases (postive association). The mean 
[SAT scare goes down 2 the percent of aduats tain the fst increases (mege- 
tive sociation) Lefs ve 2 earful definition for these ters. 


1468 CHAPTER 3 nEScRIBING RELATIONSHIPS 


DEFINITION: Positive association, negative association 
‘Two vatiahies havea postive association when above average values of oe tnd to 


sconpary ove erg abs oe che and wien lon erape ae aso 
fend oceaogeee 
“Two ats hanes negative association when above nrape valuefoe e 0 
accompany below-aaage beso e a. 
‘Of coune, not al relationships havea clear dection that we can describe 2+ 
pontine saciaion ora nate amit, Exrcie 9 ioles elation 
that dows ave single rection, Thi ext example, however, katate & 


strong posite anoci 


v2 ample and amportand frm 


The Endangered Manatee ae 
Pulling it all together 

Mantes are found slong the coat of n- 
A Many mance npc ely ba The le Rew cont il 


fe ener of has ogee Pl Ge re) and rare 
‘manatees ile by boat forthe years 1977 to 2007.) 
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Ele 
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‘Soeeghecne te prs dor vate stom i Ther ae 
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ediphasgesaplaey. 


rot mply caaaton.Atough the seaterplet shows song linear relation 
‘hip between the variables we cat comchude thatthe inereane in manatee 

deaths was caused by the changin boat registrations, Aaya ak what other vat 
ales lrkng in the backgyound mht contribute tothe relationship betwee two 
‘arable. Recause both boats egtred and manates ile are reeordd yea by 
‘at ay change condos overtime might lfc the relaonhyp For cramp 
if boat in Florida hae tended to go faster oer the year, that might result in more 
‘manatees killed bythe sme nner of be 


The previow compe dexves an important cation: aaoeaton dome vw 


pain wht 
i 
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TECHNOLOGY CORNER Scatterplos onthe calculator 
soles sth echoolagy ich esr than conroting them 

bad ele thie ts Bon page i ont 

erp on 3 TES or 199 

“Fert dts aes no you as, Cleat is 1.1) and 1.202), Pat 

‘the boy weights in L.1 (lt) and the hackpack weights in L2(ist2), 

“Define cate in the statics plo me (preston the TEA) Spc 

“the sting sewn 


Measuring Linear Association: 
Correlation 


_statuplt dpa the decton, fo, and stent f the eaborhip between 
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Strong the pons ie he oa eight lie ad weak iy ae wie) wteed 
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<Lt,tt the ph onthe night dawn mal tn le el. The 
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Seca ie lel ort alr th se pce sa 
pans nascar, we acd ose ira eau pple 
‘ment the raph. Correlation ithe measite we use. =~ 


‘Sona use rr 
“eremersaoee 


How pt you aim 
rate corte Pon 
atop? rao 
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Figur 6 shows scatleplo thal comtepnd oars ale of To ake 
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“The following Activity lets you explore some important properties of the 
comeltion 
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& + ACTIVITY Correlation and regression applet 
(f MATERULS: Computer with Iteoet connection 


‘Foto the books Web ste, wrwssvenan compte, and lunch the Conelation and Regresion 


applet. 
[See ee] Manette we Carlet nd epi pt 
= to make sever! sctteplts with 10 points that have 
= tenelae 07 


(2) tay pting to pi he raph, What the 

(Scott Wy dose et 

. {Mle slower fp with 

ae Geena frerinrn er eome 

2 ‘Sfatraer yee 10 pot) 
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- = 10 es epee rae 

Hol FOSS. eiapinat th tart pt te pons por down i 
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Sumer tf yu know tha the coneltion between to warble r= 07, 
ten you) about the reap? 
2 Click onthe seater to estes oop of 10 ps the lower tf comer 
‘the saerplot with tong araghtline parm xtelaton aout 0) 
(a) Ad piste that si ine withthe fist 10 How does the 
Lelipelphand | 


(by rag isa pot own, He nl ean you a the coeaton? Can 
entities 


‘swmmarce What dy lar om (hy about he fect of ing pot on the 
cerrelation? 


‘Now that you have some idea of what corlation measures, lt look at how its 
caked 
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"The formals forthe coreation ria bt complex 1 helps us ae what come 
tions, bat ix pectic, you should use your calculator or software to find. Bscr 
‘ces 19 and 20 ask you to calla a correlation tepby-step from the definition 
tosoliy is meaning 

The formula for rbegins by standardizing the observations. Lt use the fumaiar 
hiker dit to perform the required calculations. The table below showsthe values 
of ody weight «(im pound and backpack weighty (alo in pounds) fr the 8 
Iker. For these ta, — 136.125 snd = 30.296 ae the mean and standard 
deviation ofthe 8 bod weights, both sn pounds 


ody weigh sass Te 
Reckpock weight (bh 26-626 2829S 


‘The value 
at 


in the conelation formal isthe standardized weight (=acote of th 
For the fit hike nthe table, the comesponding =score ts 


20-196125 yy 


That, the fst hikers body weight (120 Ib) is aboot one-half standard deviation 
below the mean body weight fo the group of hiker. Standardized values have no 
tus in thi example, they ate longer eased n pours. 

Te standardize the pack weighs, we te J = 28628 and 4, = 3402. For this 


is pack weight (26 Ib) bs about thre 


ply thi hikers two negative sacorex, we gota ponive prelaet. 

“average” of the products ofthe wandardlaed scores forall 

the bikers. uta inthe eae ofthe standard deviation , the average here divides 

by one fewer than the number of individ. Finan the ealelation reveals 
that r= 0795 for ose happy hikers 


Back to the Backpackers 
Interpreting correlation 
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9 CHECK YOUR UNDERSTANDING 
“The weaterplt bow hf et of ea date) pet ema pot in Fig 


54 gape 148) by howe he rar of ve opel er ad theme peta 
rete stat f barca vom acs ear betes 1984 aed 2007 by Willa Cay 
1 Colorado State Uremy() plats beating ate micrometer (milit of« 
‘cep hour the ho Ind af cea ets nan enperc ad (shows 
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‘pal sr suing Herrmanc Rate What lest would emi this pat ane 
(tie conraion? Ep 
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Facts about Correlation 


How correlation behaves more kmportant than the deta ofthe forma, Here 
‘what you need to Know sn ord to terre correlation 


1. Comeltion male no dtincton between explanatory and reponte wri 


‘makes no diference which arable you ell cand 
wich you cally im ealeulting the correlation, Can 
you se why fromm the forma? 
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Scoring Figure Skaters 

‘Why correlation doesn’t tell the whole story 

Un a scandal the 2002 Ohnapcs ought hangs, fit ating wa scored 
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‘earl ell rive en odd eller 
than themes? 

(hight were manne centimeter 
Uninc bow wel the encaion chanes? 
(There are 254 concen anne 

25. What lfc comeition? Make seterpe of the 
Feloning date 
eae 0 
a ie tare ee aire 


"Tt eichson are date 35. Whol rope 
she Gr relay the econ te syle ope 
Seep seat ct aay babes ye 
fentel ts eerie? 


25 Sng scion bt na comeation The 
salageofun ssbb fetes and Then 
(Kercies eric qed were Sopene Bat 
‘cet ey playa thot by te ling 
(Sacre eae po) od ge (der 
oreo Make sae of nen vrs 
= 

— 2 w . 9 @ 
Mie 48 
“The contin betwen speed and lege = 
spl why de conelatom Oren tou Thee 
(hong reat betcen ped and eae 
Malupl chaie Sle the be anewe ft Faeries 27 
wn 


2PYouhe daar many ya on he rae pice 
‘Meech eda nd rong al oe open 
‘dented age get yo nt ero 
Sele pe eel pro ple op eno 
Sect cpt wae 
ory variable cm 
(6 epee cht 
(he ref 
(0) eye 
(i) ter op opm pice 
ome 

2. base bc reg pe fhe of 
palrepeanisherie/ oie ih 


2 The raph ep pb the eng repr 
oat eats Boe ese ea wr 
Sethe wceiel he em nna of pode 
ake with ed do nes 
sadn apr: Fo pl ne may conta a 
(a) hee pte emotion etn weigh ad 
eas bone 
(0 the carlton betes wei ar mnie 
Be dldiceamis dow bi 
(6 toe ite dfernes between pence a 
(dear de nthe connie 
(@) Ieper on endo be lighter in wg hen 
here 
(© Jpn es tendo ot woe eg en 
sere 


‘Section 3.1. Scatterplots and Conelation 163, 


3E Wine lene the low oy, he cenclaion forthe 
rerun 13 pati the Spur shoe leet 
05. (10 (os 
os. os. 


8 Wig dimonds > 15) Here ate the weight in 

(pica He ES 
pet ge poplin f dato foe 
tee ved dec the eal 


‘Weigh ean poand 


50 women sayy muri men whe were 2 ya oder 
than thence, bat woul he colon betes 


the 
@ 
hy 


el hb lw be? 
De) OS (e) Cant wth 
1 ho esi the tat 


11. The ge blow setpoint cone 


Toe 


ng 


hen 
The IQ ad ed 


rt 1 tet seo 1 
wo Toy oles he 
ores fo thc ar 


(a) 1 = 10, ending = 124 
(b) 1 = 96, eng = #9, 
(6) = 126 eng = 10. 
(1) = 145 eding = 10, 
(6) = 15, ending = 4, 


geeseseee5Ee 


a 


{She ets oulae tr romdng rock Ths data 
yw ens 


To wo 193 is Ba Bl Te 
5 73 56 0K5 LI 12 70. 
76 32 6S S472: 7835 
21 21 47 47 48 49 24 
20 01 G) 16 35 37 26 


aa 
4s 


SET 
cof these dtamonds Describe the shape of the distribu 
ie ee 
Caracal opera 

ne Sestteseigest el 
Pepe al pe 
cepecetresbe tir 
see aaa 
ce ieopeetpet earl 
Freee te 
Qh = $22,500, 


the mem and he edn, Aba on 

[eetabrrrergeklideely rer 
ty ah compara mg a the dit 
my th compari 


(8) The eae ul he stan deviation 
Soa Nes debt wih he see ca 
‘tedden wl ue id uae 
‘inthe ctl, ind the ted quo he 
‘eldatton with p= $1276 and = $12 034 
sempre wah Q, = 52250 
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In Section 3.2, 
you'll learn about: 


+ Rexduals and the last 
squares egresion tne 
+ Calelting the equation 
of the lastaquaes ie 

+ How well the ine ts 
‘the data: asda pots 

+ How wl the nets 
‘th data: The rl af 
‘in agreson 

* Inerptig computer 
rapes cusput 

Contin and 
repro widom 


Least-Squares Regression 


apn win oie ie ot 
Pe ere ree ea 
Sp espana es ee ee 
Sha mes ones ee amt 
Tecra vies Somat ee 
Scorn tees aoe eee Cope 
isc ony ene bay 9 
Sarna cae space 

sak eiartan epaeattin cogs 
Siengmn ne 


_ DEFINITION: Regression tine 

rogreasion ln is ae Pat doses how a response variate y anges as an 
rave ou en anger sc ty 
4 


Letsook a station where a tegremion lie provides a wsful model 


Does Fidgeting Keep You Stim? 
Regression lines as models 

Sane le nt in wet enh ty no ting 
ay Se Sn Ne tna 


Siomepeee ins oem 

She rapene aed sons coe sm nt sa 
a = 
ee 


NEA change (ca) WS Ms isl sas 
Fat gai (kp 3727-43236 2413. 
NEA change (aly 92 a 
Fat gain (ks 38 16 22 10 04 23 11 


Do people with niger increates in NEA tend to gin Tess at 
Figure 3.7 ta sclterplot ofthese data The plt shows 4 moderately strong, nog 
tye linear asocistion between NEA change and ft gain with no outlier. The 
corelation 7 ~07786. The line on the plots regreon line for predicting, 
{at pin fom change in NEAL 
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interpreting a Regression Line 

ne me he dt ih he the deny ef 
Cope reenen ' compet mathemati 
‘crip fw tml lt abo the aii twee he epon 
‘arly andthe explanatory varble 


Although you are probably used to the form y = me +b forthe equation of a 
line foe algebra, satisiians have adopted 2 different form forthe equation of 
a regresion ine. Some we § =by + Bx. We prefer = a-+ be for to reson: 
(2) simpler and (2) you calculator uss ths form. Dont get so czught up in 
the symbol that you le sight of what they mean! The cocficent of xs alvaya 
the slope, no matter what snbel is uscd. 

‘Many calcultors and software programs will give you the equation of regree 
son Tine from keyed in data Understanding and using the line sore important 
than the details of where the equation comes from. 
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Does Fidgeting Keep You Slim? 
Interpreting the slope and y intercept 


“The regression line shown in Figure 37 


Gigi ~ 2505 — 000344(NEA chmgs) 


e For Proce Ty Kern 39 (4) 


inser menses een 


Does a small slope mean that there's no relationship? Vor the NEA and 
fin pein ine the dep B= 000344 2 all met Ths des 
‘not team that chara in NEA Tay ile effect on at an. The sizeof the 
‘depend on dhe ws n which we teaie the two variables, hissing, 
slope is the priced charge i at gai i klogran when NEA increases by 1 
‘ale There are 1000 gra ina Klara, If we reared ft gain i ams the 
slope would be 1000 tine lager, b = 3-4, You cr ay how important relation 
ship by looking atthe nce ofthe slope ofthe regrenion line. 


Prediction 


‘We cat ine tegen line to predic the response § fora specific value ofthe 
explanatory variable x Here's how we do 


Does Fidgeting Keep You Slim? 

Predicting with a regression line 

Fer the NEA aft ain dt. the ception of the repeson line 
‘Giga = 1505 — ano¥44(NEA change) 

{fa perons NEA ices y 400 clr when she veel, sb x= 400 
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“The accuracy of predictions from a regression Tine de- 
pendson how much the data seater sbout the line. Inthis 
‘3s, ft gars for sma changes in NEA show a spread 
(ef Tor? logan. The regesion line summarizes the 
pater but gives only roughly accurate predictions 

‘Can we predict the fat gain for someone whese NEA 
Increases by 1500 calories when she overeat? We can 
‘certainly substitute 1500 calories into the equation ofthe 
line The prediction ix 


‘Spin — 3.505 — 0.00844 1500) = —1.60 ogame 
en ciniin iy “That is, we predict that this individual loser 1,66 kkilo- 
ee _grams of fat when she overeats. 


FIGURE 8 Using wast Look again at Figure 3. An NEA increase of 1500 calories fr oud the 
uareragmsaen ne pre set of xalues for our data. We cant sy whether increase this large ever occa, 


Sehorbammnate or vier fe ema a a uch xe i Pig 
‘ari rae ‘ain when NEA iereases by 1500 calories an af the elation 
eyo what the dats show. en " 


th intra oa 


we tan ro 


Saeed ante seceren 
re eee 
patra 


‘CHECK YOUR UNDERSTANDING 
Seme data we elected onthe wih fs male wie besa for the fit 25 
‘eck ere bth. Asap ofthe weight (nga) ad ie ce 

he weld shows «Eth dng pine Har retin. The 


Tina egemion eto Sg = 100+ nc) dle eda 
Coy ec 
1. What the lope of he reno linc Epler n 
2 What he yeeros? Rapin what tans in conden 
1. Pre hee wih ar 16 wort. Show yous ek. 
4 Should you ss hs inet pe the sal ight a wpe 2 ya? Use he 
‘epon tke the prion od hd bet the tea of tha 
eral Chencan 454 gers piel) 
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FIGURE 39 Sete ot rw 


Residuals and the Least-Squares 


Regression Line 


Jn most cases, no line will past excl through ll the points ina satel, Be 
cause we use the line lo predict y fom «the prediction eros we make ate ers 
1, the vertical ection i the scatterplot A good eens line makes he ver 
al distance ofthe potas rom the lne ox wna as poste 

Section 31, we explored the relationship between bod weigh and backpack 
weight fora group ofS hiker. Here are the data once agai: 


Body weight (by 10 Iso Ws Isles Iss Tio 
Backpack weight Wb). 26 3026 2429353 


Figure 39 shows sealterplot of the data with a regres lie added. The pre- 
diction et are marked bad semen i the graph These verbal devilons| 
‘tepresent lefover”yaraton i the response variable after Siig the regesion 
Ine For that reason, they ae called vetdual. 


> > «mm 


Te fllowing example sows you how to calculate a resi 


Back to the Backpackers 
Finding a residual 
ESL Pod btert te l rth rvrsihl 187 pos 
CLTON rpeintaptespi 
Fie = 165 + 005001107] =35.26ponés 


FIGURE 40 Thee 
suas ies ra Be oro 
inpccing yas ra as 
ably minmiang Res 
‘Stesqaesd pestis 
(eis 309) Fao 
‘fa alow you elo 
tistact ramcaly 
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“he ine shown Figue 39 makes the os rhe 8 hikers a sl 
pole” Ba what dc ht mean? Maybe ths ine mins hemo the 
ota Acta if wea up the pedton eran for ley he ps 
te and negate resco Tha th mete we aed whe we 
imc dei se men Cher Weae cat 

much theme ny regen in we 
Cine heme rn! cn gered sa at 
Tne shown in Fg 3.9 dees orth ie dats, wich why weal te eat 
sane eran ine 


310 presage kepctation che earth ike 
Aa Thapar wa iene ws i red 
Freic eon, 3090 Noe ere ne wuld gel uo 
gre eo 
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ACTIVITY Investigating properties of the least-squares 

regression line 

[MATEIALS Comper th Interne conection 

Serer 1 ths Act, you wll we the Caneatio and Regreonap- 

ies = Bit atthe books Webs, ver saiconan conf, Wek 
le some pops ofthe espa econ ine 

1. Click on he seater to create a goup of 15 o 2 

from lower eto upper ight wth ce 

line pater (creation around 0), Click the “Draw ine” 

tuiton ad we the mouse (rgitick and dag to draw a ne 

thro the made he loud f pnt fro owe To 

‘pp ight Use your mouse oat the slope and ye. 

ee ne on ae cnet ati te 


= oe 22 Now click the “Show lestaquats line” ox. How close did 
ae == you ge? The ‘thermometer above the plot helps anwer this 
‘quetion The bse portion isthe sam of heaved vere 
tans mh pn th pt the ead ga ne. The pen pero 
‘how by how nck your ne es he emai pnb “ae fates” 
‘Click the “Draw ine” button again to remove you Tine. Then click the 
“Show mean « and mean y lies button. What do yo notice? Mave or ad 
points, one at ie, i your satel Yo ce this teal contin 1 bold 
true. 


ete te erent 
tee ee 
peer 


‘Your calcultor o Haiti sftware will give the equation ofthe leatsquaren 
ine fom dat that you enter. Then yu eat conceitate on derstanding and 
ving the regen Ime 


Tre 1438 omar 
theca womepaene 
peorererenenany 
‘Spec neg a 
‘Spurr wee 
ie ngewe 
‘hr bee eats 
Wi Tiare all ys 
severe magne 
Iowa ease it 
Fetes a ae 
(hon tesa 


burr eens 
TAG enor ne 
ean wyatrnan Pst 
(ipa (Nh et 
‘ed Pe 
(EE man ema 
‘amanda ed 
tar Dera Te ell 
(HA ti cet 
Pengeer eran ed 
EME wnat ne 
‘toque The 
oa wean pee 


re 
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2. To determine the eat squares egresion line: 
7 rst 

‘Press (EE choose CALC and 
then s-tinsag(asbe) Finish the 


1139 
‘etn the Stasi it Kater, press 
ED(CALC); choos 3 sagressione 
apd then a2nseg(as) 

‘*Ber Iistt for the fist, list2 
fr the Vist ehoose to stove the 
‘RegFgn ty (x; and pres TEN) 


line. Tur ofall other equations inthe Y= seer 
(32 on the TES) to ad the leastaquares line to the 


places, we unilly round of to 
‘xpation as F = 3.505 — OOOH 


‘CHECK YOUR UNDERSTANDING 
1s net prin go nln een sh Using oe oii at atthe 
{ahd eho, peat he step the previous Technology Comer Yu shoul pet j = 163 
“FUSS te equation ofthe spree Ine 


4. Save thes lst for ater use. On the home seen, execute the command 
sa-doeata rar (L4eti aes Lint 3-40 an the TED), 


Although the caleulatr ell 


the values for ¢ and b to nine decimal 
‘decimal places. You would write the 


Ba 
Roce nih 


To 57 19 
% 


i 
Ea 


i i 
‘as 
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yur acmene 
rau ung eos 
nou essa 


Calculating the Equation 
of the Least-Squares Line 


Another reason for staying the least-squares reyesion line is thatthe problem of 


{ang egston has sample some We ca ive the equation of the Texte 
squares pei line o ters ofthe mean nd anda ofthe to 
‘Shable and he colton 


son ney ett pesto (J eat fe 
taper kandpgig. ite! 
Sousbr 
owiehe nr by mtcting bt Gem dt ofthe oto 
yoo 
‘has theo they neg ge the efit be 


‘What does the slope of the least-squares line tell us? ‘The figure below 
shows the regression Tine i black fo the hiker data 

‘We have added four more lines to the graph: vertical linea the mea body 
‘weight, 2 yriallineat¥ + one standard deviation above the mean body 
‘neigh 2 horizontal line tthe mean pack weight, anda horizontal line at V+ 
{one atandarddevition above the mean pack weight). Not thatthe reek 
line pases though (2, ¥) a expected. From the graph, the slope of the line i 


Wher sone ie 
ett mae et 
‘Be rooen nese a> 
lames ws esr 
‘evar anty leon! 


sect 
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So the unknown distance 7 inthe figure must be equal to, her word, 
foran increaeof one standard deviation inthe valve of the explanatory warable 
«the lenstaguaes regression ine predicts an increase of staan deviations i 
the response varble 


There ir clo connection between contin and the slope of the lat quar 
lie. The ope 


This equation sys that along the rgrenion line, «change of ane standard devi 


ton int crmporc ache of anal deo ty. When he vba 
tne pefecthconcaed¢-= I err= —1)the change he pelted respon f 
ise me (in andard deviation ui) 2 the change in Otherie,beease 
Tere lithe angen le tn the change ins she corelaon gm, 
Iestrng he prdicon f move es spas a changes. 

Fat Gain and NEA 

Calculating the least-squares regression line 


eer the dt om the dy of naenetee acti ad fl ao page 104 
‘ie mean sn saad dato ate To chnge NEA we = 3G ce 
al an, 2578, Fre ft ath nen a aa dv 
ton te p= 2585 ad x = 11389 kg The conelation etc fa gan ad 
NEAchangehir= -0780 

rom) Fah ue ean gus mp nr diy tt gt om 
Nehange Stone wt 

(0) cage se rhe pr ech 257 cat NEAY 
tte 


‘SHLD 4) Mhelest- sues raps anyon EA ange sha lope 
11389, 
-=(-07706) 23388 = p04 gad 


on 


‘ota ett th a-ring) 
j= 
2300=2+ (0005443242) 
2235054 


‘Sethe putin thet sg bis =3505 0005440 
(0) ANNEA incense of 257 66 clio stadad distin nas Since 
bark 
‘least sunsets arson destin crest gin at, 
7 706(1.1389)=—009g 
‘ergressionlnepadcts irae 089g int an ational 257 66 cae NEA 


[ Wo 4 
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What happens if we standardize both variables? Stndadsng a variable 
THINK comers mean 0 and ts stand deytion 1 Doing tao bethany 
sll ransom the point, 7) (0,0 Soe lets tine for the sand 
ABOUT ed valac wil ae hough (00) What aout the peo th Ine om the 
id Gcconha, Kx b= m/s, Since we sealed, a, =, = 1. That reams = 1.0 
er ward the dope eq ote conelaton Ye Fata eee sol con- 

firms hee rl shows ta = 0.63, s0r-= OBS = 0705 


How Well the Line Fits the Data: 
Residual Plots 


‘One of te fis principles of data analysis is to lok fran verll atter and for 
king departs from the pater regreason line deere the veral ptr 
neat relationhip between 35 explain vanable and 3 responve nab 

‘We sce departures fom thi pater by loking a the residuals 


Does Fidgeting Keep You Slim? 

Examining residuals 

‘Lets tur tothe tga and NEA dy von 16 young people who vl- 

titel tree rw Then os NEA 

‘atta eer tn the ee confined thal the 

teprenion line thee dla Et galt ~ 3505 — O.OOH(NEA change). The 
Caeser sen de in the mang dt ep he 

(Etat helenae 

(One sajects NEA nn by 135 al Thal sabject gained 27 

7 spout make rnc sl a0 X) Th 

diced gain 135 

2505 — 0044135) = 

“he ea for hi abet erefone 

tesa = observed y — preted y= y— 7 =27—304= 041g 

“Thies negate became he data pot blow the ine, 
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Mot gerne an wt 
‘ales ten ae 
‘odo eis 


Became the resid show how the dats ll fom our resresion ine, x 
amning he reap ses bow wel th ine ex edt Ag 
seat con ye a i te da eh 
taekeakenam Ruan Gok ba tt eivefterataats basere 
‘mle O01 The mam oat aly bese we rounded eda 


You can sce the vss the sealterpot of Figure 3.11() by loking athe 
‘vertical deviations ofthe potas fromm the line. The residual plot in Figure 3.11) 
‘makes it easier to stay the resus by pleting ther against the explanatory 
‘arable, change in NEA. Becaune the ean ofthe residual is always er, the 
Tore line at er Figure 3.11(b) helps oie us, This residal = 0" Hine 
correspond tothe regression lie in Figure $13} 


FIGURE 311 (a Seater et gn ers noence aiy, wi hea aque ne 
(2) Resi ct rte reat wae Figze 21a) Tee y= Ora tes 
(area lees 
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(CHECK YOUR UNDERSTANDING 
[kere nneacee any rd tr ata 
1. Find he maa rhe mbt wh nceaed NEA 620 caer, Show our work 


2 lterpet the aloof th sos ended conta 
5. Fowl abject the epee line overt in by he men? your 


‘Examining residual plots residual plot infect turns the regesion ine hoi- 
‘zontal It magnifies the deviations ofthe point from the line, making i ease lo 
Sce unusual observations and pati. Ifthe regression line captures the overall 
palm ofthe dats, these should be no pate in the residual. Figure 3.12) 
‘how residual plot with a clear curved pater, A straight line isnot appropi- 
ate model for these data, 21 Figure 3.12b) confirms 


PA 5 
‘FIGURE 312 (aT rel pot han a card pation Aap waa ocd 
ol eee 


Hew are to important thing look for when you examine 3 resp 


1. The resid! pot should show no obriou patter. Ie- 
ally the residual plot wll lok something like the one in 
Figure 3.13. This gop abows an unstacted (andor) 
seater of pots in a Horizontal band centred tz 
i “Accel pater i 3 residual plot shows thatthe 
: relationship not linear. Wel Took at how to deal with 
87 caved relationships im Chapter 12. Another ype of pater 
Jz au is shown in Figure 3.14. Thi esidoal plot evel increas 
° ing epread about the regression le a ieeases. Pedic 
‘bons of ting is ine wil be Tes accurate for ager 
sahuesofe 
22 The sida should be elatiely mall in sce A veges. 
‘Son line that isthe dats well should enme “clone” to 
‘mest of the points That the residuals should be fsly 
‘onal. How do we decide whether the reials are “small 
‘enough We consider the sizeof atypia” prediction 
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{tn Figure 3.15, for example, most ofthe residuals are 
between —0.7 and 07. For these individuals, the pret 
‘ed ft gain fom the least-squares line is within 0.7 ko. 
‘gam (x) of thir stual ft gain during the study That 
Sounds prety good. But he subject gained only between 
(04 and 42k so prediction err of 0.7 is elatively 
Says compe ahh stl ot an or ia 
“The Laget residual, 1.6, comesponds loa prediction et 
ror of 1.64 ky This subjects actual ft gain was 58k but the represion line 
redeted 2fat gain of only 216 ky Thats a pry large err, especialy rom the 
Subject penpetinet 
‘Standard deviation of the residuals We have already seen that the average 
‘predction errr (thatthe mean ofthe residuals sO whencyer we use leat 
‘squares regression line. That because the potve and negative residuals "ale 
‘ance out” Bat that does tell us how fr off the predichons ate, on average, 
Instead, we we the standard deviation ofthe residuals 


Pa 
For the NEA and ft gain dts, the sum ofthe squared residuals 7.63, So the 
standard devtion of the rendu» 


+= FB -0rmg 
Rescate would eddie wht they won fl comfortable sing he 
tigroion ine oaks pects ta ey an serge af 074g 


Does the formula for « look slightly familia? W should. tn Chapter 1, we 
efined the andar deviation ofa et of quantitative data as 


pra 

‘We interpreted therein yale 2s oughly) the average dbtance ofthe data 
‘ot fm the mean. the ease of Prosarble dats, wee interested fn the 
|Rerae (veal tance oth dst pants om theremin ie We fn this 
‘Glen mach these way-by ang up the gusted deviation, then averaging, 
{agin naan way apd taking the agar ool ge back he ng ua 
‘ol menrement Why do we de by m2 his He instead of x ~ 1? You 
have wat unl Chapter 12 to nd oot e 
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Psy prt ta casa 
Seeaner steer gae 
Tht cna eae 
env neve 
aye 


TECHNOLOGY CORNER Residual plots ands 
‘on the calculator 
Lefs conte the analysis of the NEA and fat ain stay data fom the prov 
‘ous Technology Corner (page 170). You should hae already made a seater 
plot, calculated the equation ofthe lattes regession line, and graphed 
the ine on your plot Now, we wantoealeulateresslals and make a esdual 
plot Earle, we found tha} = 3505 — 0003445 
Tiss 189 

1, Define 3st) a the predicted values from the reresion equation. 

‘= With L highlighted, enter the * With lt highlighted, enter the 

command» * 


and pres 32) 
2. Define LAist athe observed yxalue minus the predicted yale 


‘= With L# highlighted, enter the * With lst highlighted, enter the 
‘command 13-t2 and pres TEN command 1see3-2iae1 and press 
toshow the residual. [ERED to show the edu. 


et = 
oar 


“The rain inthe rsa plot serves 28 2 reference line: point above thi Hine 


correspond to ponte rh al pots below the ine cones on 
tive residual We wed TRACE to sce the res] fr the sndivual with an 
[NEA change of ~94 calories 

4. ial we want fo compte the standard deviation + of the ex 
CCaleulteon-varable tistics onthe esl Uist (L4 o Tit}. ‘The meat 
ofthe residuals is up to roundoff err). The sum ofthe squared residuals 
SF = 7.805. find, ne the formals 


fs. 
i 


SS 
Reckpeck weight Ub} 26 30H 
1. The rsihal plat dee ot sw ano sate. Destbe the pte 
2 Fortin reppin 227. ore hit vale oe 


How Well the Line Fits the Data: 
The Role of r? in Regression 


A reid plt a pial tl reat baw el a regen ie the 
Eo eta! et oft on gn i ea 
te ur pret cron nh xen ine hea 
tnevel ty hielo how wel the eats ine pedi alae 
the reporndatubley hi he cece of determination Sone compet 
phage Wag You may ave ied hae ome othe eee 
Th compa een xp ta we showed a Agha 
il tthe up of hetewich ris sy 
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FIGURE 16 (Te scl squads nob BT Awe ed he mean 
2 recon at Bers) Te su ol he que ean oe 
90 


Figure 3.193 show the pectin ern i we we the sea pack weight 
sa pt Engel pepe ids econ at an 
real bth ine S-= j,—y} = ST. SST ments the 
int ation nthe pee 
lye kamourne er by mc ten ye cult agen 
® tow ine do 
ting pct vag sng ge eget ag 7 oa i? 
Fig.) em tha he a of ged ean for Te ets 
Ine eS rua = 300, Well i SE of ged rt 
"The io SSEAST tlle what opto th tl att ny sl - 
si arog apn ine re ea ofp ah 
inihene, 


oe mam fe tn nuk wh anc rye 
regen ain is oe ey fet, pepsi ote 

Solel ya fr bythe regresion line x 

SE -1-0308 =000 

‘We interpret this by saying that “63.2 ofthe variation in backpack weight tae 


counted fr bythe linear model relating pack weight to body weight” For his ex 
son, we define 
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[fll of the points ll dzecty on the Teast squares line, SSE = 0 andr? = 1 
“Then al ofthe variation in y is accounted fr by the linear relationship with 
‘Since the leat squares line yk the smallest posible sum of squared prediction 
‘eon, SSE can neve be mote than SST, which is based on the line y = y. In 
the wontease scenario, the leastaquaes line dos no beter predicting y than 
Y= does. Then SSE = SST and? ~ 0. fy’ = 0.632 asin the hiker example), 
then about 63 ofthe varition in y among the individual hiker is dv to the 
saightline etionahip between y and x. The othr 37% is individual variation 
‘among hikers that snot explained bythe linea lationship. What oer factor. 
besides body weight sught help explain a hiker pack weight? Physical fitne, de- 
sre io ary “creature comfort,” and wings to share the group equipment 
load ate just few posible soures of wars in pack weight 

Tt sens prety remarkable that he coeficient of determination is actully the 
correlation squared. Thi ft provides an important connection between correla- 
tion and egresion. When you report 2 regrewon give rata measure of how = 
‘cen the regression was in explaining the esporse. When yon seca cortlation, 
‘upuateito get beter fel forthe strength af he Tinea elation. 


‘CHECK YOUR UNDERSTANDING 

Matiple che Slt the be vee 

1. Forthelemtagurs renin fat ain on NEA, 7 0806, Which fe elln 
(henselae ree oe . 
(@) 606% of Ue pane on the lotr epee 

() 60 heft un yale ae acl ar by He eas are ne 

(©) 66 fhe vrai ft un cco for by the eae oe, 

(d) 778K the ation ft acct for the estar ine. 

2 Ace eed el ern ten eo oto i 


speaks rd tees aor om an Be en clement shoal 16K, 
‘Tecplt the dts sn alinet fon Whack fo lly ene soul 
Fig bconee? 


(naw pak vy ey ap le hg ery ebony 
Frberenhrek retrain aber aaa 
(bo ati te eclosion 
at nt spoken word ura HQ score iene 
nt pak ire ae wendy he een i eer 
nie, iy th ner Imo 

(hy Tish tg pn ip ane pt pn 
pel jeri perpcras bs ret rewa 7 


Interpreting Computer 

Regression Output 

Figure 317 (onthe at page) pa the crepe oui fr the NEA dl 

fin bo stil soe pce Ma a Otte sear rds 

‘er slr cut Fach oupot recon the sop and neoepo he et aes 

ine The wife hn pve neratin e we do et ced (or undentn, 
fre wil se ich of # ae Be ae at you ean let the slope, hey 

intersp andthe als of ad om bh compar opts Ones you understand 

‘he tata deo, yu ed and wrk with ln yur utp 
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‘ejeomr reason. \ieesoneesees 
nie ce CURE 317 Lastaqenes eyes eb rnmercs acy at fom no ial 
aes ana) pyre paps Oe shane por lmtp 


Beer and Blood Alcohol 

Interpreting regression output 
‘How well dors the namie of bers pron drinks pret hi or 
{Site odank sendy ged amb of ore ee 
‘hy mina is, lie ie mad te HAC, Lea 
[Srapeienteredsir mated it teens cae oo 
patie regeamn teow bao wm 
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EBL) Wats opts prt 
aot hsoesbersomembdal ess end baer aera ie 
0) peti spt trapt tote 
6 Faller 
a 
‘(e) What was the BAC reading fr the person who consumed 9 beers? Show your work. 
LO (a) eatin J =~DOT27 + OOY796A oh hath 
consumed snd y's the Wood alcoha content (BAC) We ald aso write 
paca —00127 = 0017964 os 
(esp. 0.017964 spt i bcm a te ge 
predicts an increase of abowt 0.018 BAL. 
{0 totatecmenn ete eget? + J0B5 — 40004 Sete 
‘Sen hen potordcin088 
(@ Ardsheal ee Thm et hatte 
entre patina eer 
oso DS ect Share On pene Coy 
‘epee oye DOR ree epee anya 
ascenre cotroltn BAL 008 etter 
oper creamed try tore opera BA 
(ftps hrs later de BAC 
WR —00127 00178649) = 0148 

Fm er ft i ree set 045 Se 

‘tidal paely 

0045014990984 
‘apr cmap. 


( tS 


Correlation and Regression Wisdom 


Core nega pti tingberg 
Sree erariaaey ee at 
ede nen pay pra ni 
hinge tec erte cone tera sce” TF 
22ers ep nk ms 
ErteSiee atta ne 


Predicting Fat Gain, Predicting NEA 

‘Two different regression lines 

Fig 3.1%) on the net page repeat the ctrl of the NEA dt with he 
Testes epee line fr predicting ft ain om change n NEA aed, 
‘Wermiht ako ae the daa on tee Loaujecteo pred he NEA chaige for at 
ther et rom ht subjects tein when neti for 8 wees, Now the les 
tthe vatbles ae event got the epanaory able and change in 


can calculate the correlation a Hhe lea squats line foray telatio- 
‘hip between two guantttve valle, bt the res are wl only f 

the neateplt shows 3 linear pater. Alwaye plot your data! The flowing Data 
sploration maker tho pot lest 


2. Canelation and rgemian ines decribe only linear relationship. You v 


+ DATA EXPLORATION Anscombe's data 


Te le lo pon fa cf das pr by hin Pak 
cont sede ceo tet tig i da 


eo ¢ 8 a wwe 
ye A ase 7a a a ame 7 

Data sot 8 

ze 0 8 @ " we. @ 7 3 
Ce CCC a) 
Data sat 

Sa a a a a a) 
eC ae) 
ata sat 
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1. Without making scattsplos find the comelation and the least squares regres: 
sion Fine fr four data sets What do you notice? Use the regresin line to 


predict yfor «= 10 forall four dat sat, . 
2 Make aseaterplt foreach ofthe datasets and add the regresion linet 
‘ach plot H 
3. Now make asketch of the resi plot foreach ofthe four dat es A 
4. For each ofthe four eases daewm whether you would be willing owe the 
regresion line ls descnbe the relionship between «andy ea ate: 


3, Comeltion end leat squares regreion line ar not revictant.You 
aeady know thatthe coneltion isnot estan One usta pot 
ima seaterplt ex the value ofr Ite leastaquate line 
restant? Not sp sno The following example sheds some 
Tight on this ie 


Gesell Scores aa 
Dealing with unusual points in regression 

‘Bosthe ag wich cd ep ol pdt eer caro te fen 
$i AB te Stn yng cle tens 
Seti htt cle pe he fed ed oe 
ihe leo opine an mer The datapath lo 


‘Sue NE tape eA haa ron md ln epee Tel 
Gaines 

‘STATE Canwe use sae at ist ne to pct sor her Gsel coe How acura 
pedctions et 

"LA Les start ying acter wth age est wd asthe plantar tie ed 
eset sae asthe response a fe pap shows iearform wala quae et 
‘edt Tene shod mae esa pt hee dul eushow lA es 
‘edt aed ager redone 

0 Fare 19 othe npg shows cater ofte dita Cie Sand 15.280 
(hes 16 and 21 ke ewe beset arates Mews ies poi syd 
‘Sow us om pt sds rt inna Thesatalt stows zest sscition Tt, 
rere bege spe tard che ower st ares tan ext ahs Theol per 


eth Ges se shih ates ec aia trend (at hese 
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@ ea fer eet a eat fra ie) 


PURE 3.9 a Scar of Genet Ase Scone era ge tis wrd 2 ian 
‘aes telaueequernpese tet pekagtestscovton ratte 
(2) ana tt bo ereuton Ct Vand ae ote, 


e281 rc Rt pe rye 


pan pe equi feast gress 
J =tone7s0— 1 e7ocbesie tarts ger 190) Ne pe 
‘ests ht roy owt dr ache eres sar pce 
Stony tipans ercauiepiywpelartneniaoptcoeawy 
Inept ths investi meng 

own deste gure te ta Fg 190) sows asa pete 
orate rnb daemtqena treet fetmirie ary 
Stare We alee th stand erro he rsd s= 11028, rupy te 
‘tan anes pectin ro eg rasan ie See? = 041.4 Kette arnt 
Ces ars acoder yeas square represent GSE roe A leh 
oda ears 5 of heaton Gee ares acre ey hea etn ot 
these 

CONCLUDE Wena the equtn SRE = 108.8750 — 1.1270 ay tpt acs 
‘cae he Ges eom heat a hcp Or ren may 
ery cure ough Osage Te oy 1 pots one Gel ae Ak mst ot 
‘heron nev cr roche aera ty sine ode We od 
estate oe hs mod male rections pc omer ondestandthe ect 
‘tesa ntersorherepeesn es ry 


7, 


In the previous exmple, Child 18 and Child 19 were identified 2s outers in 
the seaterplot of Figure 3-13). These pints ate ao marked in the residual pl 
‘of Figure 3.196), Cal 19 asa very lane esial beau tis pon if tom 
the repesion line. However, Child 15 has prety smal residual That's because 
(Child 18 pont clone tothe ine. How do these to oars affect the regresbion? 

Figure 3.20 shows the rele of removing each of exe points onthe come 
lation and the rgrenion line. The graph adds feo more regression lines, of 
calculated ater leaving out Child 18 and the other afer leving aut Child 19, 
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You can soe that removing the 
pint for Child 18 moves the line 
‘quite abit. (In fact, the equation 
oF the now leatsquares line ik 

105830 —07798 ) Because of 
Child 185 extreme position on the 
age scale, this pot has song 
{influence on the position of the e= 


Ing et Ci 18s 
ivan uaa senate 
nus arg cu 8 prt 
‘ve een ent 
{DU To td raw cad 
Taig eC 1, 


‘pen in. Hoeven 
‘Child oa it ftom thereto hn. 
tp ine mate thes ofthe aga of he 
sete datas th pin sala pe pa 
atenteme he cect wth other pnt 
politi in oat ha We lau pine 


remove wou murky 
inthe xecton oa sal. 


eh ot edhe dation ne i dn bea 
inchopur A ht pl phe nen ary Kr op 
Sim cul bras Wr hve or la Ro 
Thi, beane he nan chang when ewe the een sti, 
Kowee: nol lotr ae cal The Tega is nt yo 
Be'temiy inducoed by buenas tat sre in the «den Te 
‘Sate wi slot yo touch eben, neal ps tae al 
ted, bss hy pal the xeon lin war hema you Tok a 
fs eal ty ay etl post 

"Te ata scr pt fc a thereto ie ba 
vsthand waht esl pa in ge 2. tlie over ta 
‘imal sot when th pk dled he pot a 


How much difference can one point make? ‘Thestrong influence of Child 18 
‘makes the original regression of Geel score nage at frst word misleading, The 
coniginal dats have f= 0.41. That, the leastaquares line relating age at which 
| chil beget alk with Gesell score explain 419 ofthe variation on this later 
test of mental ability. This relationship srong enough to be interesting tp 
‘ents If we leave out Child 15, drops to only 11%. The apparent strength of the 
‘ssocition wat largely de fo 3 singe influential observation 

‘What should the child development researcher do? She must decide whether 
(Child 18s s0slow n speak that this individual should not bellowed tn influence 
the anafsic If she exces Child 18, much ofthe evidence fora connection 
between the age a whic 2 child bins to talk and later ably score vanishes. 1F 
she keps Child 18, she needs dats on othe children who were also low to begin 
king tt hen ong depen eso tone cd. 
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‘We finish with ur most important cation about coreation and regen, 


4c ert: Wea ee 
ee 
pa a 
eo coneins weatinie iets 
eke mega nde meta aeet d 
efveeen arta maaan ae 
iSite ae nye 
Stagtcpned Sicogctin Soha os 
ras 


Does Having More Cars Make You Live Longer? 


eee arma eee 

reais ce a age er 
Ey retooled 

Serta and te tage 

Fe et the bred 

pote ry 


’ Coeatons sch how nthe previ example sometnsaled “no 
Recomm sense coneltions” The coreaton is eal What nonsense the concen 
aes that changing one ofthe ables cas changs in the the A “hein at 

blest penn west this example tht nines both «andy 


Wiancosaugca ys: «aM create high corelaion eventhough there no dec conection between 


Sorweneumem Sandy 

peiseemery 

eran 

a 

Semen mae 

sorcorcyowwem | Aasciion bass al pls Sb Fe pres ri 
semaine an 
comdangetiy 


“The follaying Data Exploration gives you 2 chance to put what you hive 
learned in his chapter into practice ima very relevant sting cores nthe SAT 
Wetting test. 
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DATA EXPLORATION The SAT essay: Is longer better? 


Following he debut of he new SAT Wiring est in March 2005, De. Ls elma 
fom the MasuchusetsInstule of Tachnolgy sted controversy by repr,“ 
_ppeared nme that regards of what stdent wt, the Inger the athe higher 
the sce” He went onto, -Thave never ound a quanfifblepredtor in 25 yea 
of aie that was atynhere 2 stong as this one. H you jst graded thems based 
length witout ever reatng thes, youd be right ener 9 percent ofthe ine The 
table elo hows the data hat Dr Terelman ced to dra hs conch, 


‘ut your own anal ofthe data. How would you respond to 
rman ela? 


la the chapteropening Care Shady 
(page 141), the Starnes family had ost 
sissed ning Old Fath erupt They 
wondered ow ong it would be antl 
the next eruption. The Fathom screen 
tot at ight shows rn from 3 Tea 
faaates regression om the Old Faith: 


fal eniption data fom the previous 
‘month Both vaables were meansted 


tmnt 
‘Even though there were tro dine 

clatrs in the dation of erp 

intnala the gap shows 2 song 

pte liner rtabonshp between the 

(raion of the pews eration and 

thetime unl the next ruplin. The leat-sares epeion ine ts the dats wel 

evidenced by he random sate of theres and the high ale. the Starts 

{Emi can nd oot how long the previous caption aed, thy cane the rerio 

epsom to et nity acute prediction of how long wl be tore Ol Fhe 

erupt agin. 
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Summary 


-Aregeion line 3 righ line ht docs hw'3 respons arabe y 
Changes an explain table changes You ean we regrenion ihe 
topredit the vale of foray val fy substiing tithe 
tcpation of he ine 

“The le bof regresion line §—-+ br s therteat which he predicted 
respon § changes lng the line the eglnatoryvaable changes. 
Specifically bis the predicted change ny when «increases by Yan 
“The yintercep a of ees line f= a+ Be isthe pode reponse 
¥ when the explanatory variable x ~ 0. This prediction i of io stasical 
ise ue «en actual tke values neat. 

‘vad extrapolation, the we of esenon line fr pedctonwsng vain 
tthe explanatory vanable oatde the range of the dat fom whch he ie 
was called 

“The most common metho of fing line to ascaterpa ea ware, 
The tegeion lie ites ine fa be a 
ramemine the ont ofthe wuts of the eral dance ofthe abe 
posts rm hein 

The latte epesion line of on the line wth ope b= 6/4) 
and itercepta = ¥ ~ x This ae aby pass thrgh the pot 9) 
‘You can esi the ito eponion ine by sung thers, which 
2ethe diference beter toler nd pred voy. Be on 
the loot or pts ith uml age rtd an ab or nnleat 
pater and even aration abo he eal» O ane in there 


"he tandard deviation of the residuals «measures the average se ofthe 
prediction errr (residual) when using the regression line, 

“The coeffctent of determination ithe ection ofthe yanation i 

‘ne varable tht w accounted for by Teatauates regres on the ther 
vanable 

Correlation and exten rt be th caution, Plt the data 
to be sue thatthe reltionsbp roughly linear and to detect outer. Ao 
look for influential observations, inivdual points that substantially change 
the conehation or the regremion line. Ouier ix ate olen ae for 
the reresion ine 

“Mot ofall be careful nat o conclude that theresa camse-andfcct 
‘elationdip between two arabes just because they are strongly aseiated, 


Exercises 


55. Whats my fine? You uth ame bar sp 
sees ch soring Tes er eps pees son 
Ine I wight pcs down by ram pr dy 
the average What the equation fhe repre 
Tine fx prting wet a ay af ne? 

16 Whats my Hine? An cocci prfoner live that 
‘child with 1 10 shold ae uc ot one 


pat oe ma agi ne pt 
{neni om I? 
7 Ca llnge We xe igh ne 


Saat ree aE 

Seats fel 
Pro epeerer lel 
eae 
ermemimea 
oe 
pec 
ees 
pica ate acae 
Biers on 
Sfeaeee 

Sepa eee 


cokeciagee oe peal gel ce 
ppc ee line eee petal al 
Seer a PO ow 

{a What cg in? nr ae 


(0 Wa mow apn by et 
Weep ent abaeay mele 
(0) ed pd ecm oh 
atctntg ants onl rope 
fad Rae ag acd 
[Wel epersip serio apy ornare 
Par ary 
iri toe cso era Te 
Fonte pas 
fama aes 
Uinta mee 
Seay raepe cred inte 
ihe 
yy dg 
[eI 
Pec ace 
ilawoy 
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Hho mach ga In Eerie pape 158) we x 
smelt relatnslyp between dh avcrape monty 
‘epee and Un amc featur pseu 
‘as madmen home. The gure blow sows 
{he eral ctr wih the leapt ine 
sacl Tr equation of ie eau line 
j= Was tare 


™ ~S 
=| 
a Ce] 


(s) Westy he slope the ne expan ha 
paberer hen 
1 ty ter fe: pn hy 
Gaeetemnrea 
(6) Un theremin lie poet scat of 
Sees 
Pee 

41, etd ea fer eric 7. Weld apg 
Seton throne ete pel 10) 
cet far eee 

{Hh och Rf Eee 0 Wl it be 
eqs Fee regen nen pe fens 
alge emmeyteyin ste non iat 
poses ater) er pone 

4. Lamar ten Te able eo pe ial 
‘fas White loin fies fe date 
tery SoBe pep tte 
see tp plus ene le Ne 
thr oi eet tegen 
ater) 


9A Leeper Hn Tete gpl Ris 40 
cou paper Show ny the in eau om the plot 
eae hank 


192 CHAPTER 3 nescersmve RELATIONSHIPS 


45 ei nin a esd ain sty f Eat 39 the 
‘etl pH mowsunement or Weck 50 w= 3.08 Find 
tel pete pel rf week 


ow much ga? Refer to Exch 4. sing Mash, 
Ihe wrengy tapes ware Freel Footer 
‘Ph eae foe pr de. Find and intrest 
‘idl orton 

idan and in The mous hight of Ameren 
roms tock cw ess 6 cher Gr 
‘lad devition 25 ices The ma it of 
tne the aac we 685 aces with stand de 
tho 27 inches The elation beter the Bight 
af habande and wives about = 08 

(a) Find the exuaton ofthe ropesion 
fod wo a 


Oy gn epee gi 
ttt thea everen oh 6 ern 
Eeptin wn yond eg ir went 
prerhilaeteas 

{5 These ure Some prope ik ht th ch 
ed se et uty rc bc 
te ere yee mice 
epee ferential 
juny and he ropa ily ee ix cage 
Inthe bles etn yee Weep prin 
Conon beens bro 
Stig may ote ers ge 
Gait Ra dt er Bye fd pe 


PHL ya SMe y=907E 
wy 1S35E r= 0586 


(a) nd the gation fhe ema ine re 
‘ing Glyn charg fs Janay chan: Shwe 


yur wk 
{i Th meg noma = 5% 
Un yor epee et petit Ue the 


Inde na yon bic oe cs 
Aci Why el ot ge 
eee eet) eats dg cata 

(9, Hand nd wire Ree Bani 7 


FW and prdes Ese 3 (page 158) cade the 
etahown blow of hol ae pat 


(a) Find the ction of he eae ie for 
prt GPA ber 1Q Show yo wk 

|W) What peared ofthe abeeved vara tise 
“aden CPR ca be by hein rele 
‘Seip twee PA ad 1? 

(c) Oe sult aan 1 103 ey ew 
(GPE OSS Find andere the eal or thi 
sant, 

‘Wal mde a? We expe ha ents 
vehe dowel on the wie cum i a oe wll, 
‘Sealy do wll on th len Gay Seth 
(Reema Calle locke a i xn ees of 


[S16 cadets wo took his atic ela ove 


“S56 + Uke. Oct sore 10 pte lane 
the clan ne on he dios. Hot any pie 
‘re he ca snes dye pie at il are 
(2 tral Tht csp he pnonicn 
Caer repens deme cent uh dwell 
(enc mdr ll on Be eerape does wll, bat 


(c) Explain word what he slope andy tree 
feet 

(i) Amero ne the line pt hw many 
Ilo ance olny prow to 
hich Ef the dls en he pes ye 

ere 


people bur mor ener? Faten 19 

Sopra ey 
ia nce mr 2 werent wre 
‘ies of ig Lat ana 
Inoue, pee 
precompgtyeaacmt yy fo 
theta which he hay ems eery, Here ae 
the awn 


8 


6 


(e) Kner th data it yor aera aera 
‘ati 

(8) Ue you net's renin ft 
the eqalon of he lentagates ayes ine. A 
the yours Rosa 

{c) Raa wo wha te hp the genio 
thet Es 

(@) Ante wna eam bd a of 45 ilo 
pune Wha her pce cae? 

And elon Rr ce 58. 

(x) Une eke to mos 
Dw ea hp sp cat Be el he 
Tne Bie at 

(6) Which int a tt est Ein 
‘htt chal ee 


Do besser people harm more energy? Rab 
Baran 54 

(a) Uae oad or sed plat 
[Dei wat ti ppl tlle bt el he 
Tie ie deta 

(th) Which pint he ge eid? Esplin 
pent ope mer reryetripamarstio ory 


58. Dene people barn mare energy? Reker Fa 
caro: Stan Se Frthe rgreaon you pf 
‘Stir, = 0768 ands = 980, Fala what each 
‘ihe tle mean in thi seting 


7% Oitand msds The TA OM Ppt 
Sta thar fed wn Hct el and 
feetamese aro 80 ler ef ste iad 
sskctian Te pipe eet wel 
Satya them wee catty eames na 
leon How aera eld meus ment of he 

al deen? The el oy 
Fest rennet aoa mee 
{ne beld wa geauement of he ve dle 
sma in the abr The ine y= denon 
Bese 


{aor meme 


(x) Describe dhe aver patie yo see the el 
{cpt mel named thal pt 

1b) Sel ad labor meter all age, 
{hen the peat sh lo te 

{he plot ace er smal vara the mene” 
‘arate bt cue? Enlai 

(e) The ine den et he st 

fe 


(9, ad eile eet Eine 5. The loin 
Paarenaareytyy ere 
poet net we he cel pet ils 


at mee 

(4. Nak int weg A staf ration i dee 
Op com tected as hom ie on 

tg of Na Hee re he am gh in 

{anf i0 sans in Sal se mere 

thd nk month ag Oe at yore 


jem TTT Se TT wn 
Wee 00057 0D ah TH 72 722-2378 Te 
‘Aft oc of atin ender th dat int dare 
‘nl computes elation 
the dat The eal ght 48 + O26 (aryl A 


‘dal plot show below. Wold tb 
rane repre Ine pret fr Fh 
our neve. 


Driving sped and oe commamptin Paco? 
(pane 199 gd on He Fc orion 
nara erage Fed emg 
Seco bis eigen pe ec 
prosper yee paler hereon: lg 


Ener 1 


apres rely 


Se pent raring we ahr cen ed 
te cme rd hte li hy a. 
“There brow shows Mina repent or 
bats ay 


16 gv daa 
eins a 


(a) What a the equation ofthe 


doe ner eating he 
deen br adr 


(Spies prot he pec ering ees 
aoe wah eg pe 


feds 
pie Une the 


(b) What prea fhe yar year arian in per 
“crate eter ale expla by the sa 
ec ecaiemdap oa ence owed pate 
pened 

(6) Un the inert a fie oi the or 
scl ete prc of ks al eine 
Sas ete fe Hi dos ln tle 
fapdietes 


(a) Inert the wal of titi, 


(o) What sth pion of he eae 
‘ete ten 
iron sae Un he eon peu ty 
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3 Chapter Review 


(Chapters 1 and 2 dealt with data analysis fr a single 
‘atale and relationships between categorical vty 
ables. In this chapter, we have sted relationships 
between two quanitstve variables 

Data anal begins with raph, then adds umes 
lea summaries of pectic aypects of the dts. When 
the data show a regular pltern, we ean use 3 simph- 
fd model to summarize the pater. We should 30 
‘exatine any deviations from the patter 

Seateplob show the ehitionship Corelation 
describes the arength of linear relationship. Lent 


sqpars regrenon fits Tine to data that have an 
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Sand «help uate how well the near model fis the 
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‘Comtelstion and regression are powerful tol, but 
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sees 


Youcan hardly gp ay without hearing the els of stasis Heese 
some exrples 
«The Natonal Highsay Tee Safty Adsration (NHTSA) eps th 
‘eat el win panera chiles increased om 82008 89 20002 
«coins toa ent ny, US ters aged 5 18sped 
snaverae cf 298 oom pr ek online. Atha 3% othe 
‘sem sd tha potingpenonl ration o pen online 
‘tafe, aD at hy tad posted pts themsches" 
recent dy ages that ack of gp increases the rik 
eathing scold 
* For thes al projet two A’ Stasis sadn showed 
that tesing ome whe sadhing deeteed subject pe 
formance on memory tk 
‘Cam we tat hese els? As you ear in thi hap, ha 
‘epends on how te data were produced. Let's take a chs 
loo at where the dat ame fom i ech of Base se. 
ach yer, the NHTSA conducts an oburvtional sd of sat belt use tn 
vehicles The NITTSA sends aed obmeren to record the acl behavior af 
People in vehicles at randomly sclected octions seo the county. The hea 
Sta abserational simple: you can lear ot ut by watching. Or by 
faking few quedtons, ati the survey of een online habit Haris nace 
ote thi sarey tin 2 representative sample” of 655 U.S. 13-4 Tear 
thi. Both of thee siden formation fom mpl o dav conelaions 
Shout ome ager ppulatin. Sete 4.1 examines the aes vale am 
pling ad sore 
Inthe sleep and caching cold sty, 153 voles tok part They newer 
gps abut sep bt mets ek pi Then, we ae 
cn 3 yan ated to ace who developed 3 cok ‘This wat 3 complicated 
‘obnewatonal ia Compare th eth the expernet perfor by the AP Sta 
texters They rected 30 sents ad ddd them in toes of 15 by 
Arasing eames om hat tides im one oup tid o meme lt of words 
nile Inerng to mn Stent the ther group ro meme the sre 
Tnstof words wile sting lence Section 42 fxnes on denn experiments 
“The pal many atta ste to show tat chang inane varuble cae 
chang n another vrble In Secbon 43, wel ok a why extabliching ext 
‘son dificll specs oberon! sien WeTl aso comer some of 
the ethical ies woe planing and ty 
Heres an Actny at ges you a preview of wat is ead. 


ACTIVITY See no evil, hear no evil? 


MATERIALS: Ywo index as, each wit 10 pain figs witten ont (prepare by you teacher: 
flock, watch, or stopetch fo measate 30 seconde: and 2 min fr each pur af stndents 


(Confacns si, “hear and I foget ee and Isemember. do ad Lundentand” 
Do people relly remember what they se better than what they hear tn ths 
Acti, you wil perform an experiment otto find ut. 
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1, Divide the clas into pais of students by drawing names from hat. 
2 Your teacher wil give each pat tro index eads with 10 ses of numbers 
‘on them. Do et lok a the mummbes until its time for you todo the 
‘experiment. 

3. Flip cain i decide which of you Student A and whichis Stadt B. 
‘Shuffle the index ead apd deal ane fae down to each pariner 

4 Stadent A will atiemp a memory tak while Student B hoops time, 
Doetins Study the pais of rumbers on the index eard for 30 seconds, Then 
hum the eard over. Rie the aloud (A,B,C, ete.) "Then tell your par 
rer (Student B) shat you thik the aumabers on tbe eard are. Student Bw 
record how many pats of umber you realled coreetl. 

5. Now if Stadent Bs tam to do 2 memory tak wile Sten A records the data 
ietine You partner will ead the pats of mumbers on your index cad aloud 
thove times slowly. Nes, you will recite the alphabet aloud (A, B,C, ct.) and 
then tel your pare what you think the mumbers on the card are. Student A will 
record how mans pats of number ou realed comet 

(6 Your tacher willae and abel sue cn the boar et parle dopo fhe = 
‘ula Pot the umber of as you emer correct onthe apprprae graph 
7. Did stndents in your ela remember umber tier when they sa them or 
‘when they heard them? Cie appropiate evince to spent yout anewer| 
'5. Based on the res of this experiment, can we conclude that people n gen 
cera remem btier when they see than when they hea? Why of why nol 


Sampling and Surveys 


fate °°" Suppone we want to find oot what percent of young deves i the United State 
In Section 4.1, tex while driving To anne the question, we will interview 16-40 20-ear-okds 
you'll learn about: ho live inthe United States and dive. deal, we would ask them all ake 3 
2 ‘emu. But contacting every diver in this age group wouldnt be practical it 
‘+ Theidea fa sample youll ake foo much ime and eos to much money. Isead, we put the questo 
suey to sample chosen fo represent the entire poplation of young driver 


sto ene oun of niu about wich we 


to ich we actualy coectinormaton We 
concasns abn ete popu. 


“The datincion between popolation and sample is hase to tafistics, Ta make 
sense of any sample result, you mus know what population the sample represenis. 
Heres an example that dliadrate thi dation and alo sfradoces sme majoe 
snes of sampling 
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Sampling Hardwood and Humans 
Populations and samples 
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The Idea of a Sample Survey 


‘We often draw conclusions about a whole population on the 
basis of sample. Have you ever tated sample of ie cream 
and ordered 3 cone if the sample tastes good? Since ie 
‘ream is fitly uniform, the staple tate represents the 
teprenetative sample from alge and 

‘ated popolation (like all young U.S 

The ft step i planning » sample survey i to say exit 
what population we want fo dexcrbe. The second sept to ay 
txactly what we wat fo ameanue, that i, to give exact defi 
tions of our variables 

‘We reserve the term “sample survey” forse hat use an ong 
ized plan to chooke 2 sample that repress ome specie pop 
tion, ks the pieces of hardwood an the US adults in the previous 
‘cumple. your definition, the population name vey can com 
Sit of people, animals, or things Some ponple use the terms “wunNey 
‘or “ample suvey” to rer anh to stds which people ate aked one 
‘or more questions, like Hhe Callup Pol ofthe lat example, Wel aid this mone 
restive terminals 


How Does the Current Population Survey Work? 
‘A sample survey 


(One of the most important gnernment sample survey in the United States i 
the monthly Curent Population Survey (CPS). The CPS contacts about 6,00 
Ihowscholds each month. It produces the monthly unemployment rte and wach 
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Co ee 
sputter re wt acre Te CPs Geto ie pop st 
bath eee ee eects meee 
dene eh agen ribet easly 
ee aentecerepeame 
‘Whedon lean obe"evenploe Smoot wh itching be wok — 
Ppl lay ran encyclo LL 
cen nenieenaan i ncaiaen rere 
eee iesonh tain tie eat ieee 
so gee et or eagle og 
parietal eter 
Ha nth he trys pc on sh ea 
Hee meaner pela ies Wines ence roe 
rose opel te mae pe ye aes fs dt work 
este heen 
"078 mam tal 7 ef te tpl weet eet CPS 
definitions of both “labor force” and “unemployed.” = 


fn planning 2 ample survey to decide how to choos a snp 
tot. Lt ake cloner look a sore good ad nolo-ge sat 


How to Sample Badly 


How can we chore 3 sample that we cat rtf represent the population 
The east but not the bet sampling method! jst comes ind who 
ae close by. Suppove wee interested i fndng thew Ten students at & 
[ings high tchoo spent on homework last week, for example, We might go 0 
the school ibrar and ask the find 30 sides we see about thet homework 
time. A sample selected by taking the members of the population tht are 
‘asco each ie caled convenience sample, Convenience sxple ft 
prokice unrepresntative dat 


—————— 


Whats wrong with our comenience sample of student in the bray? Its 
vanlikely that ths sample represents the homework habits ofall siden atthe 
school wel. tnt, we'd expec the sple to overestimate the ayeage homework 
time inthe population since students who hang out the brary ight tnd to 
be more studious This is bia: using a method that wil costently overestimate 
‘or underestimate the vale you want to Know 
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Trelis tn wintry 
ror wangers me 
rare Vie 
eemateyior Boxe 
Pattee ny 
aw ap a 
‘tp, Now a pa 
(crt oom 
Ica a 
omtwiro pete 
Pd wp 
uryrig abo nent 
bepaaten weg 


So eereenemien 


DELS females cap dana aa Eo yas pT 
‘ie anctratrense Spe aoe ae pe onus acre Tp AT 


Comenicace samples ar alnuntguaranzed to show bis So ate voluntary 
respome sample, st wich people decide whether to jane sample in espns 
{oan open tan Callin, wet and many nee pol rey on voluntary 
rep sk Utah cpl wh che ae aly 
atropine of a epaltion Voluntary response simples 
tact people who fel sng abe etme i ution, fe in thee 
Ahection That least bis, 


‘Whiten nd ell pinion polls ae almost set lea! to trong bas. tn ct, 
‘only about 15% ofthe public as ever responded ta callin pl ad these tend 
te be the same people wh call rao talk ows That nota tepresentative sa 
ple of the population a2 whole 


Mlegal Immigrants and Driver's Licenses 
Online polls 
“Former CNN commentator Laut Dobbs doesn’ like ilogal immigration. One 
in thoy wat lly dev ttc» pope rar ders cess 
‘snp ihe show, Mr Do ted sw go 
pence tr ection ‘Wel orc sy 
aac weet 
Sia afte 950 pope to roel he enlte chord Len 
nt hetaane een set 
O.uO} Meisel aarp amp pp che tog spd 
‘testa wale est Dt pope wna hye pe 
Novees Epa aie ome poet epg 
FRplseso wun taper pesca cue we oe 


Rar saropling 


Irom spe 
tee nor bean 
asc wna 

rete ae secon 
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‘CHECK YOUR UNDERSTANDING 
ach ofthe Slowing stators ent the wml method wed. Then ean 

Iw he sping meted cool lend 

| amc beige compar snealcetesofrangs cance. company pect 

lena at ares nt pf eaten aedeagal ones 

12 The ABC progam Nighline ane aie whcthc the Une Nations sl ont 


to heeds henner ie Unie States Viewer wer ited a call one lephone 
(mums torpedo ed ect ar "No There vars charg fr allie mm 


er Mere than 18600 calle renpnded, and 67 sid "Ne 


How to Sample Well 
Random Sampling 


tn olny repre sample, pope come wher oregon a3 come 
Mace cong Be eens ced cine ato cae foomal chee 
rode bThe atc eed bai perl ane cms 
Rosai sample chy chant lot et eer ye snp 
Sl oacketon 6 spe. Random sping ten of hace et 
“ample he eal pepe abl pig 
“Taine ay tte clce tcl satpl'o plce name nha 
(the option) atl ew onal (he tap) Tate eno ple 
‘andes. 


An SRS not only gives each ind 
vidual an equal chance toe chosen but 
alo gives every posible sample an equal 
chance to be chosen, There are other 
fandom sampling methods that give 
‘each individual, but not exch sample, an 
‘equal chance. Exercise 26 describes one 
Such method. For now, let's think about 
how to actualy select an SS, 

‘When you think of an SRS, picture 
<deaning names fom a hat to remind your 
self that an SRS docs favor any pat ofthe 
‘population. That's why an SRS ia beter 
frethod of choosing samples than conve 
lence or voluntary response samples, But 
‘writing names on sip of paper abd dra 
fing them from a hat doesn work as well 
1 the popslation i large. Think about the 
(Cartent Population Suney, for example, 
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which must draw a sample of size 60,000 every month from the population of 
(ver 117 mllion US households 

Tm prsctice, people use random numbers generated by computer or calls. 
(orto choose simples. you doit hae technolgy handy, you can wea table of 
random digits. 


“able Dat the ack of the book abe fandom te exit the 
dig 19225950 457502871 mate the abe eae fea, he tig spear 
inups fe and i ere oe The per rm ae a 
the table jit ang af andor chose dg Therese oping, 
the table echoes glean ample 


‘hom Table D. 
‘Your sample contain the indie whe labels yu find 


Always te the shortest Labels that will cover your population, For instance, 
you ean label up to 100 individuals with two digits OL 02, 99, 00. AS 
standard practiee, we recommend that you begin with Ibel i (or 01 or 00 
needed). Reading groups of digit from the table gives all individuals the same 
chance tobe chon beraune all abel of the same length have the same chance 
te be found in the table- For example, any pai of digs inthe table is equally 
likly to be any ofthe 100 possible labels 01,02, 99, 00.gnore any group of 
digits that was not wed 2s. label or that duplicate label already in the sample 
‘Yor can read digits from Table D in any order—acrom 2 row, down 3 clu, 
and so on—because the table has no order We recommend reading across fons 
fio lett ight. 
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amenities for families with children, ‘have an alphabetized 
(ist of all 28 hotels in the town, Sa foe 


‘ROME, Use aD ae 13020 ese an Sof etre 
erste, 


‘SUN ee thet ta poe fo slting a SRS aig 
‘the, 


Soop) Lael ta igs ae edd tlie the 2B rears Wee aded 
lundsO¥ 22 26tethe apeiron 

15 Pants 22 SeaSh 

16 Radsase 23 SiverBeach 

117 Ramais 24 Sunset Beach 

18 Sandpiper 25 Trades 

18 Seale 26 peal Bese 

20 Setar 27 Trp Saree 

21 SeaGrpe 20 Vous 


‘ep 2 Tala ome ae start tee ad sen 190d rea it ros 
‘Stipa ht are ene a8 a wlan ype aps Cone to. 
Aureoven bw srs Heth pin 130 

62051 640177174 09517, B45D4 05489 87201-97245 
‘ets 10 tm grepsae 

oo 6 8 7 7 7 wo om oF 
Sey 7 Se 7 Sip Sip Sip Sly stp 
oom tom ‘oohiy Repert fond Taig peat 
stip thc 10 raps asthe ehh er 20d 2 case eres 
Oth 75 eh ul 5, 1.0417 ontop Neve nee hc 
Pete thane heron 10m ops 130 

“3 0 mM mo 
bed Ge Sy 


(ur SS ot test theo contat i. 5 Bec Caste, 16 Radeon 17 Ramadan 


20 Sethe 


Asyou sa in the previous example, sing "Table D to elect a SIS cat be ine 
‘consuming, The Simple Random Semple applet ean help you quickly choo an 
SIRS for popolations of up to 30 nda. Your calculator ca do even better, 
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TECHNOLOGY CORNER Choosing an SRS 
‘You can me the Simple Random Semple applet at o> whicesa compte 
oryour graphing calculator toscetthe SRS of 4 hotel in the previo carpe. 
‘Simple Random Sample applet: Enter 23 inthe “Topalation =f" box 
and 4 the “Select sample sz” bon, click “Resear cick “Sample” 
Figure 41 shows thers ofone sample 


RGURE AS The 
Far 

‘Sampler nso 
‘daw an SRS fe 
ined bomapepie: 
enol an 

Graphing calculator: 

2. Check that your ealeulator’s random number generators working propery 

“THS3/94: rea BETH then select row and c-eandrn(. Complete the com- 

smand eandiae (2.28) and pres SED. 

{haps ren TEE then Fink pp ache rand Compe 

the command Tiseatrandint (1,20) and pres TED, 


Compare ress ith our clawmates several dent gl these i 
be or ed educa nde ve ei 
‘note fore ow proce Dirt vat gen i 
Anode Teche bel 
2.Now do randins 1.28) agi. Keep presing (BEN until you have chen 
Four dred abel. oie te repeted abel “25"in the TH sre sl) 


Toston sar secs 
chong 2 Sy 
‘mae nae peor 
‘teennmaemanye 
ena Rar 
‘eta ca 
en Cay acon 
Mine tana a oe 
sa refine ber 
arenpenr 


. 
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"Theres an important difrence between the samples produced by the Simple 
Random Sample applet and th calculators ranatst command i the Technol 
‘egy Comer. The applet smpled without placement fom the “Topultion hop- 
[er bat the calcultor sampled wth epacrmen fran the specified population 
‘As 3 result, the ealeulstorsomeinesselets the same rumber more that ance in 
‘2 ven sample. To deal with this problem, vou ean gencrate addtional random 
Taubes as needed to replace am repeats. Or you can we 2 rethod other than 
anatne lke randsenp on the TE-Nspie to sample without replacement Refer 
to your device’ seference manual or ik you teacher, 

‘We can tnt results fom an SRS, 2 wells from ater types of random samples 
that we will meet later, beause the use of impersonal chance avoids bss. Online 
‘and callin polls also price smples. But we cat trust esuls fron thes sth 
plesbecaue they are chosen in ways thal invite is. The ra question 1 ak about 
{any sample whether wo howe at radon. 


ACTIVITY How large is a typical U.S. state? 


Inthis Activity, you and your clnsmates wil se to diferent sapling tho lo estima the 
verge area (insure miles ofthe 50 states 


1. Use the map shown to choose a sample of 5 sates to 
‘etmate the average (mean) Land area, You have 

TS second, 

2 Refer to the table of land areas on page NIDS5. Find 
‘the mean Land area for your ple 

5. Make s claw dota ofthe meat and teas from 
Step? 


4. Uneaten yy each 
tie SS id eo ae DES, 
Fed he mes nd as i mpl 

5. Make clan dip fhe men fad 
Sep te abe your pet fen Sep 

1H thc cn ites ig the ro mtd compare What 
Senta oo nde ping oie? 


Other Sampling Methods 


“The basic idea of sampling i righMorwar: take an SRS fram the population 
sand sie your emple resis to gai information about the population. Unfor 
funatey, ts usally very difficult actally got an SRS from the population of 
inter magine tying Yo gst 2 simple random sample ofall the haters pro- 
‘dace im one dy at factory Oran SRS ofall U.S. highschool stents I ether 
‘as, jst not practical to chonse an SRS, For stares, it woud be dificult to 
‘bain an accra lof the popoltion rom which to dew the sample It would 
Sho be very time-consuming to llc dats fom each did that' randomly 
Selected Sometimes, thre are sso statistical advantages to using more complex 
‘mpling methods 
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Usetray vt wan 
sl ha sme nin 
“wi ey 
Aeron wre 
‘erie SA Powe 


‘One ofthe most common alteratve oan SRS involves sampling important 
groups called strata) within the population separately. Then thes separate “sub 
Simpley are combined to form one strated random sample, This method 
works best when the individuals within each stratum are salar to one another 
fa way that affects the variable being measured but there ae lange dilrences 
between stata 


Choose the strata Bae on fics known before the sample is taken. For example, 
a study of sleep habits on school mgs, the popultion of student in a lange 
igh school might be daided into feanan, sophomore, i senor se 
{uv provdecton poll, population of election discs might be divided nto 
‘aan, suburban, and url tata. fthe indian each rat ale varied 
‘than the population a whole, «raed random sample can produce ete i 
formation about the population than an SRS ofthe sane size Not convinced? Thy 
the allowing Acti 


ACTIVITY Sampling sunflowers 

TA ee pen ees alg cero Bld sree Eve 

ey WIR cal dogo ears ipsa ingen ei 
toi totem of elo ste, THe er wend Ite bts 

eee of tee peace ea es 


money she'll make fom selling them. t woud fake oo much time to 
‘count the plants in all 100 squaes, so shel accept an estimate based on 
sample of 10 sures 

1, Use Table Do echnlogy to ake a simple random sample of 10 
‘id aquares. Record the location (for example, Bo) ofeach quar yout 
felect 


‘2 Thistime, yout take a tratifed random sample using the 
row a tata Use Table D or technolgy to randomly select. 


ETET ETA] oncacpate fren cach (horizontal row. Record the leaton of 


cach aque 


3. Now, tae stratified random sample sing the columns 


mitra Use Table Do technology to randomly elect one 


Squaw fom each (vertical) column. Record the lection of 


cach ae. 


“4. ‘The table on page NIDS6 ges the actual number of 


‘umnfowen im exch pd pare Use the mormation provided 


tocalculate your eximate ofthe mean mamber of unflower 


perso for each of your samples in Steps 1, 2, and 3. 


Ince ape e 
ci ar FS tom eh 
‘Shee er far rear at 
even hace 
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53, Make comparative dotplots showing the mean number of sunflowers ab- 
‘ined using the three éificrent sampling methods for ll members othe clas, 
DDeseibe any simulates and differences you se. 

(6, Your teacher wll provide yu with the mean umber af sunflower in the popu 
[eto ofall 100 gid squats in the il How did the tec sampling mcthods do? 


‘The following eeple describes an interesting use of strafed random saples 
in the muse busines 


Who Wrote That Song? 

Using a stratified random sample 

‘Ata station that baa apiece of mae mes 3 royal othe em 

“The oranization of compen (called SCAT) elle thse ols forall 

rember y charg tation cee fe forthe ight lo pay member sn 

AASCAP hat raion in aad aon ach 

ese How should ASCAP thi coe 

Fin AS a pn om bl paaerpiifen 

county each eat 

‘Radio stations are stratified by type of community (metropolitan, rural), ie 

location (New England, Pacis, te) and the sre ofthe ers fo pa 

AASCAP, hich rec the ze ofthe acne tall, thre re 42 sata Tapes 

2a a i nn of ey weed mete each ai, The 
se rvewed by exer can eco aa er 

pein el eel aephr peel og lord 


though 2 stafied random ssmple can stnetimes give more precise infor 
‘mation about 3 population than an SRS, beth sampling methods are hat to we 
twhen poplabore sr lar and spread oot over awe tea. ks that uation, we'd 
Prefers method that selects groupe of mids that are “neat” one anathee 
‘Thatsthe wes of chaste sample. 


tag hgh cho tai ste bres plat 
cll by lst name. The school admintation & condering a new schedule 
‘would ike student input Administators decide fo survey 200 randomly selected 
sdens I would be hard in ack down a1 SRS of 200 students, so the adminis- 
tron ops for chaste sample of homeroom. The principal (who knows some 
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Yourige ya. 
ect sr 
‘ssa et 
‘sob utr bon 


statistics) takes a imple random sample ofS homeroom and gives the survey to 
all 25 students in each homeroom. 

‘Chater samples ae offen used for practical reson, a in the schoal survey 
example. They dont ote the satiteal agrantage of beter information about the 
popelation that stratified random samples do. Thats because clsters ae offen 
‘hen for eae or conveniences they may have ax mich varsity the pop 
lation ihe Be are you understand the ference between atrata and clisten. 
‘We want cach stratum Jo contain similar individual, and for there tobe large 
derences between stata. Fora cuser sample, wed file each chater o lok nt 
like the popaation, bat ona smaller scale 


Sampling at a School Assembly 

‘Strata or clusters? 
eee 
Spe 
‘al em a end tary The en 
Seven cuneccetoene 


POOLE Marae 80 start preset he ase Amapothe 
matron dows ee Nt that tues ar sere adler 
‘dts theses nombrdom 116800. 


Destine ow ou welt ah the leingsmping meade to sl BO sade toc 


(@) Totahean SRS nennd sachs Bat the mbes random User 500) 20" 
(ea 00 ir sexs seed Tenge hearth sade sess 
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(0) esses hasty a Satay peel Ste tudes rays be 
‘Setar wales et ies ass adele Tae he adleszting areas 
ssw stat thi rae’ ses aes ws 20 sets atandon Fre Stra, 
‘rand 601 900 ts 20 seats Use 401 600) a pel 20 spt ses, 
‘amdet{201A00) tog 20 rset nen 200) ta cots 20 senor ses Ge the 
‘Srv tte stakes these sats 

(e) Me se say stants ae szated cach cao of sens tom he stage telah 
sndtron cli dasa str Nate ht ec csr cnt Stade rom a fuga 
(ek estou resent he peptic how ar 20 cst ach A sets, 
centers 2 starsat random 900 stadersterth sare.Use rn 20} 12 
‘sect ster md henge sare a 4D sade a cach column fens 


Most lagescale sample surveys use multtugsumplr that combine Ivo oF 
more sampling methods. For example. the Cument Tepalatin Survey monthly 
survey of 6,00 households uss the allowing design 


‘Stage 1: Divide the United States into 2007 geographical area called Pvimary 
Sampling Uni, or PSUs: Selecta sample of 750 PSUs. This sample includes 
the 428 FSU withthe lege population. 

cle thes 


nla sri random sample of 528 


Divide cach PSU selected into smaller ares called “ne 


bothoods 
hn and other inornation, and take xt 
Fiborhoods in each PSU, 


Stratis the newhborsoods 
fed rndorn sample ofthe ne 
Stage 3 Sout the housing units in each neighborhood int cases of four neat 
tanh nerve the howehol ina eandomn sample of thee este 


Analying data from sampling methods tmore complex than an SRS takes 1 
beyond hse statistics. But the SRS. the busking block of more elaborate 
methods, and the principles of anal remain much the same for these athe 
method. 


CHECK YOUR UNDERSTANDING 
There of pt nc want a mare hott oe Geil sat ofthe poop 


whore aida NBA beta pe He wea co ceive los reps 
Gre eon of ac mone han 2000 dence. Tickh pie forthe pte ay 
‘geo eal: sath per the mat en ent S100 cach, we el in 

apes Se arene et SS cack. The ser vied ine 

30 enmabced serio fe 101 to 190. ach elon has ove of 

ses abd wi let A cae the ou SoZ ape 

1 Kapa wa mh a ial ve the avy ban SHS 

2 Which would be tir wy fo tbe snide 

spl lm wig lebron a na ei, 


5. Which wo beater wy ae cher spe of an 
Need es or he bead toes wy ce 
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Margin of eror 


Inference for Sampling 
“The porpoof's sample sto ges informationaost slater population. The 
proces of dewingconchon abouts popustion onthe Bair of smple dla 
Elle inference Becase we ine iformaion shout the poplion fam what 
tre bow about the sample tnerence bom comeniencesatpls o vluntay 
‘esporse samples woold be mile because thee methods of choosing sam 
ple ae baw We ar alent certain tht the sample does nat ily represent 
{he population. The ft enon fo lyon random sampling cto eat Bas 
selec smpls from thet of arilable individu 
tn cul ee erent Sa om 
tre Ss ae im 
papi Wve tu sap aon fm on, vl 
ne cect wo spl ‘ome We wi 
Slt erin choose dierent nda Sothe spl els wl ier 
lat jt by chance Properly designed amples aad stem ia Bot her 
Sula ate aly xsl correct, and we expect ther ovary rm spl to sample 


‘MATERIAL: At teat 200 colored chip with exactly 62% of» partcla color (sy erp bag 
other container tat eden can ve ODOR 


the Act, you wil explore how there of eps dom samp 

ton opt ah Aa 

1. Your each wl pope colo chip with 07 of 
cht wl pare poplatn of ood chip 

5 One aati chide cal ah SRS of 38h od 

Sacndicatantee tient rmeariesiions says 

3. Make claw dep of the sample forth color of hi. Where 

inthe gap cere? How mache fe ample poptny vay and the 

cont t homeder tape = 


«an we tate spl As the previous Acti sas, the 
soak deat sping dart rg gle en lg sole 
[Becaine we delivers chance, te eas obey the Lo probly ak 
fgvern clunce bere Thee Lvs allow us oy fe Uy i tat sample 
‘ule ae coe tothe tath aboot the popaiton. The second tea I tie 
‘an sampling that the Lew of prolyl ratory inference ao 
the population. Renn xno srpls come wi 3 margin of eon at 
setbounds on he size ofthe Ml eroc We wil cus he deals of ference 
forsampling ter 

‘One pot is worth making now: lege endom sampler give Ber informe- 
tion abou the population thn smal sample For teance, in Activ, 
Jou would get beter estimate ofthe proportion of ed chips the ppl 
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ion using random samples of 40 chips than 20 chips. By taking a very large 
sample, you can be confident thatthe sample result i very close tothe truth 
about the popslation. 

"The Current Population Survey contacts about 60,000 households, so weld 
‘expect its estimate of the national unemployment ate tobe within about 0.1% 
‘ef the actual population value. Opinion polls that contact 1000 or 1500 peo 
ple give lem precise results—we expect the sample result to be within about 
5% of the achusl population percent with 3 given opinion. Of course, only 
samples chosen by chance cary this guarantee. Lou Dobbs’ online sample 
tellus litle about overall American public opinion even though 7350 people 
clicked a response 


Sample Surveys: What Can Go Wrong? 


ner ty bre ot 
‘eerste prem 
og hares opt 
Tapa cave i 
Eencehnear ae teon celier 
bat not always by as much as we might hope. Sampling in the real world is 
St tceasaty wit seana a 
oe 
Teese ecg tren it 
ohare ener ta 
daca cuca erty age 
pacer emcee anime coat 
Seneca 
Song hg me ng 
Seamer doa taeea 
ciate caneteniecre nts 
Te eeeraate Satie aan 
mpc Gee men ae toene 
emma atom meneenc oelavona 
Sie tana ocean estccie at 
oe seine at 
eae Stes 
Fee a 


are eto of he process 


eo acy ft rem wil minty ale 
ple bat pon imme dents donner An opinion pil conde 
{py cally nde telephone umber wil nis boca that have ony ell 
‘hones a wells horschols withost phone. The rvs of maonal sample 
{eye therfore have seme bin da fo underenerags the pple not evered 
‘ir teats am the ret of he popltion 
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Sampling exors im careful sample surveys are sally quite smal. The real 
problems start when someone picks up (ar does pickup) the phone. Now non 
“Sampling errors ake over 

Nonsampling erors Nonsmpling enor ae those tht can plague evn a ces, 
‘One ofthe mos serious sources of bas in ample suey i nonresponse, which 
cceurs when 2 selected indwidual cannot be contacted of refuses to coopera 
‘Nonesponse to sample suneyscfienexcech 50%, even with cael plang ad 
several callbacks. Because nonresponse shir in urban res, mos sample su 
‘ey subsite oer people ithe ame aea Yo ava favoring rural areas inthe 
fina sample the people contacted die rom those who are tatey at home or 
who refit to anower questions, some bias remains. For example, retired people 
‘may be more likly to fespond, which woud ge their opinions more weight In 
4 poll about Soil Secunty reform, this could ge 3 mieadng mpreaion of the 
populations views 


Some dents mse the ert “voluntary ree expla wher 
tain india dot mpd ale are. Tse thal pat 
{eat i the suey optional ata), wo anyone eat reso 
takepart What the vxenp are actly dencribng nontexponse.Thnkabout 
{ths way: nonrepome eam occur only afer 3 srple has bec selected. tn 
Solunty repose tamper idl haope oak part other wn 
beatynomepone 


‘The ACS, GSS, and Opinion Polls 

How bad is nonresponse? 

‘The Coma Boreas Ameren (ACS) athe lowe one 
spoof sy pl oe Kn: ny sma fe wet ple 
‘hae bs roped The reel teen incline at sd 
‘other caster is just 25%" This monthly survey of about 250,000 households 
tepaces elon nC a tp wa ml oe Lem i tee 
{cystine com tice he ACS i ence el the Ces 
re fle op by leone sa an pon bene en rs 
tenn gesormate. 

“The Uninet of Chicas neal Social Sey (CSS) i the ation’ nt 
faded wl ec tn (un Pi 42) The Cea 

fa omar el hyo cay og Pe eg Fc 
‘ie a 30 came 


Response bin 


oun 2 Threat ire Sra Suey nto Cen aes 
Chen ese has pan nt ye eT 
What abou! opaion pal by news media and opinion poling fis? We 
othey ne ce cece eee wea eed 
"The Pew Research Centr ahd the Ye ited eae 
‘Prd dt ing ey ad die he erty tn 
707 of the hounchol ins chosen sample, bul “ecaae af 

‘sy acduls sepia outright tua inersews were completed 
in jst 8 of houtchols that wee reached” Combing hoses ha 
cul not be contacted wi hone so id nat complete the trie gave 


' nontesponse rate of 755." 


sont eo oeling esc whe men a ene 
repre Aleta paler of icoret pon spe ey ah 
te rpome Ba Tele know tt ty ou Ike the fre oe fr 
‘ample ny nt hr tein he at election al el erever_ 
tat hey dT ceo gender ofthe nkerewet can niece exposes 
‘intr about ace wlio a tes toward emi Awe es 
Atha ak peopl tel pat eve ae oflen nacue been aly 
Imemory Hae Jou ved Stitt he a month el fen ew 
‘3 om smctne who i vied esti 8 ont ag. Cael ang 
cl iercwcs sd cael persion od vant sng te tee 
‘Stream ede expo bin Good keen tecgue hal apect of 
Selldone snc my 


TH Fabs ot] SE. BEY so vow 
ae 


{wi 
— 


226 CHAPTER 4 nesioNmG STUDIES 
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Experiments 


A sample survey aims t gather snormation about 2 population witht dtu 
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because of confounding Bere the explanatory viable and one of are 
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im heat altack rik for wornen taking hormones, researchers began to doubt the 
resus ofthe ealerobserational stodies The moral ofthe story i simple: Beware 
the ltking warabe 


Obserstional di ofthe effect of one variable on smother often il v 


u sre brine increase tery ie in lapt compute’? To Bd 
her cbuined 30 mew lpg of te wane band. Thy che 15 of th 
[ters a dorm and adj ht econ he ght tiny The ahr 1 laptop 
Screens were eat hc defaulting moder nighinew Reseach then ean 

i Warn am clneratonl sid oan exper 


4 mefer the falling wetting, Doe king er 
pone nd acoder performance? Ae 
Toning tan ADC News are “Teenage wh et wi fn 
eek are nore ely et beter pad 

hor ns sme mavey conte by 


The Language of Experiments 
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DEFINITION: Treatment, experimental units, subjects, 

A spac condition aged othe ndvidualsin an erpertrent is callod a trestment. 
‘Tan eportent has several npanatory varies, a restmert isa combination ot 
-spacc values of hase vaabes. 

‘Ths emperimental unis ar the smalest clacton of ndviuals to which treatments 
are app. When fe unt are human bangs, they ction sre called subjects. 


“The best way Team the Langage of experiment isto practice using it 


234 CHAPTER 4 nesiowive sTunies 


When Will I Ever Use This Stuff? 
isch 
Tasco oe One of Sr lene semereel ree 
Eeeceraatatiie anakine een aie 
pity Loe ng ec Pl nel 
‘Stitt e deg iiescheol They td ya Meco 
Secon eine sayfa on tes lr pow 
J chang tn prep wcarchon decloped x pgam cale C 
rsh The Weft pe a echo ec 
ep et a epee, 
ac nie Rope Couey pate in pene 
in Feng Coun papas a oper Seen 
| ecto hone ot ed erste co i ht 
) tamed coven The eter ges cfs ed cd 
seatlegeentifel ap ecly Groth ties 
_) frm eet nts on tad? tena Chr, dele ot 
Nain esepnr  hon nwt dae pote en 
recall bat 
fn clon ced igh cor pe 
cetera peter) 
ROR nt epee pan ne 
Cocotte 
00h ope ee eco Cpt 
‘Suen nal tones ppen teas 
‘Spent ae oneal te 
\Sfuscrentur fordnpenrertreorenea a ur ore vnc 
ec stuannt paate, 


“The previous expe hatrates the big advantage of experiments over obser 
‘ational studio: experiments ea ge god evidence for eauaation In an exper 
‘ment, we stay the effects of the specific treatments we are intersted in, while 
{ring fo contol for the effect of Krk variables For istance, theses 
all 14 schools followed the standard curriculum. To ensure thatthe two Emap 
‘of schools were ax stilt as pomible before the treatments were ministered, 
sesearchers let chance decile which 7 schools would use CarerStar. The only 
systematic difference betwoen the schools was the educational treatment When 
sHodents from the CareerStr schools did better, we can be confident thatthe 
program made the dierence 

‘Sometimes, th explanatory variables in an experiment ae called factors. Many 
experiments stad the ft eet of several factor In such an experiment, each 
‘ecalment is formed by combining specific alu often called aleve) of each of 
the fictors: Heres an example of 2 mafacor experiment 


Pracllce Try Exerc 51 
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IV Advertising 

Experiments with multiple explanatory variables 

What ae the fcc of reprated expe to an atering mesage? The anever 
Sy niente eg end ewan 
‘An experiment mest this question wing undead st 
ents 2 subject All ajects ewe 2 4a leleson progr 
Botnet a fora dtl carers Same subjects awa Hscond 
erm otlen 3 ocd ven The se cer 
‘Bown ater, 305 is daring 
pct seme got sh fel eo ts 
toward the ame and tht eo fo purchase 


OLE Frtheaerng ay, 


(2) erty eeprom aa ad 
(0) Setatthetreztmns, 
‘SouTeN 


(a) Ts expeen as 2 expunaon varies (acters) 
length of th commerci aed umber of epeitions The response 
varias ince measres ejects eal of th hr 
_tiades av he dal camer and eta hy mend to 
pease. 


(0) Maren 2 rer eg commer 90 ad 90 sends) 
tive rent umber repetons (1, 3,385) Te cm 


‘tions contig oti ofeach actor othe  tetiners 
‘shonin Figure 4 (1)30 seconds, 1 in (2) 30 second, tne 


(2)0secnds Stns (4) 90 second, 1 time (9) 90 seconds, 


FIGURE 49 Thi teams nthe TV at expat. Ste (6) 90 seconds. Dis 
Contiabre ol aero bee ara vrs e 


{acon} om sa earns. 


Tis example shows how experiment allow us to std the combined effet of 
several factor. The inkraction of several factors can proce effets that could 
‘ot be pesicted from Ioking tthe eect ofeach for alone. Pechaps longer 
‘omnmercaks merease teres 3 prt, sid more commercials lo nerease 
{afer But if we both make 2 commercial longer and show it mote often, viewers 
{et atnoyed and their ners ithe prodct drops. The teoaclor experiment i 
the TV advertising example wil help ind out 


How to Experiment Badly 


Experiments are the prefered method for examining the effect of one variable on 
somther. By imposing the specific treatment of intrest and conteling other 
Influences, we fam pi down cate and eect Good designs are exenial for 
cflectine experiments, nt x they are for sampling, To sce wi, let tart with an 
‘cumple ofa bad experimental design. 
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Which Works Better: Online or In-Class 

SAT Preparation? 

‘Abad experiment 
‘Atugh schoo! reglaty offers review coune to prepare sens for 
their Tim yet oto eto ron 
‘online version ofthe coun. Over the past 10 yea, the average SAT 
geonsregesoed a Tate 08 eran one 
emg ortee who nt ern tee 
online coune mor fectne? 


‘This experiment has very simple design. A group of 
taka) wee expo stan ei cue sd he 
‘ome (SAT cre) wasabnowed ete ithe desig 

Saudents— Online coune + SAT aes 
‘Aco look showed thal the studs the online review cure 
‘ete te diferent om the tds who tak the elon coun 
{apt years They had hugh CPAV and wet ing ore A elas, 
“The eet of online yerus ela traction mined pw the 
sflc ofthese hiring vaablex Maybe the one students eae 
higher SAT scores boca they were amar 1o begin wih, ol 
Iecase the online coe pcpaed ther br. Th config 
prevent on rom conciing tha the one cour mot flecte than lt 


oom ction 


‘Many Laborato experiments se 3 desig ike the one inthe oiine SAT course 
comple 


Experimental unis + Themen!» Measure response 


In the Lb enviroment, simple deus often work well ied experiments anid 
‘experiments with animals ot people deal with mote variable couitons, Out 
side the lab, badly devigned experiments often yield worthless rxuls Because of 
confounding 


How to Experiment Well: The 
Randomized Comparative Experiment 


“The remedy fr the confounding in the SAT prep course example is to do a com: 
pratve experiment in which some sdent af taught nthe claaroom and ober, 
Similar sents ake the coure oie. Most well dexied experiments compare 
te or more treatments 

‘Comparson alone int enough to produce rely we ean traf the treat 
ments are given to group that ier greatly when the experiment begins, bar wll 
seule Fr example, if we allow students to slet online or classroom rsructin, 
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more selfmotinated students ae likely to ign up forthe online course, Allo 
ing personal choice wil bias our resus inthe sxe way thal volunices bias the 
resus of online opinion polls. The solution to the problem fbi fn sampling 
‘andom selection. tn experiment, the solution is random avignment. 


— : 
“nan anpinet random asignmt means ht eptmet uns  asodio 
| Noses atrandom, Pals, ug some soo cance poses, 


Lets look at how random awignment ean be used to improve the design ofthe 
SAT prep course experiment 


SAT Prep: Online versus Classroom 
How random assignment works 


“hn ye he igh chad a rest ia 
fen trench il cet aon, iy ce 
Teper ona cope ee 


(ORL Once nn aa 29 ste ttaee 
earn 
(0) ay sete tp per 

5 0) ged 


‘atime wi yuhare 25 ps. Tes 25 tudes wile the oe course. The 
eming 25 Sader wl kh carom corse Arete, ood wre 
"i225 fe spe an eceramothe oter 25 sip. Then the sp a 

a hatanimishownel Hine Sadr come 9 eyo andthe oi pl ap rome 

‘Th urantae 25 tases rrp. ath he reser aged cane 

(0) Mecanasethe tn steppes rom nion splat do tarandomassigmert 

‘Sap Label. Gee ub 07,0203... 48. 20%e te sajecsinapabetl ner ast 


‘Sugp Tate Goto an read ww digit romps moving rome tight Te st 
25 dstct bes bermen 1 ad 50 that youracunter st hone ou Te teiag 
25 stdete ia te dassrom cure pore repsted acl and roy of dg fom 
51200. 
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‘The experimental design in this example i comparative because it compares 
two treatments ihe bro imtractional stings). Wis randomized because the sub 
jectsare ign to the weatments by chance. The diagram in Figure 44 presents 
the detail: random asagnment, the sz ofthe groups and which treatment they 
reecive, and the sponse variable. There ae, 25 we will ce llr, statistical rez 
sons for using treatment groups tht are abou! equal in size. This ype of design 
called 2 completely randomized design. 


seen maint om eretres 

cleitanuenpivetvomremmarast: 
Feat oeemareeee 
paipeapepoeperentapranpll 
completely randomized design? Actually, no. Let's return to the SAT prep 
ea ee eens 
eccmtree eater 
Suaicagenacceais 
cacao 

o ‘As longazal $0 dels tow aca, hss completely exndoriced design, 
Ee 
Safe 
See er Ee pestering 
anaes seneneeeataats 
eee 
ae eg 
aap eases 
itera 
Sousa eee 
pee py er es 
pa 
sar = 


Completely rdomined designs can compare any umber of treatments. Here 
‘san espermient that compares thre fretments 


EXAMPLE 
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{igtldepoe howls coment lily oad what the cok 
‘ould bet theme coined smth Wil he dp ale elec 
{or One cheaper peach ge cement oe neration snd 
tmonoring i elreay swe fom ho ete mtr Wont met 
‘oat amt well? The compat decides conduct ay eperinet 1 o- 
pe thse two appeaches (dnl, chat) wth» cong oes 
‘ho cone mrtaio tery snmp ba pn onan 


P0846 Oatnea compete aod ei wing 0 sage my scene 
samecry ats eng rca sch repre eaters ering hoe 
pure ingen ye a 

SC.UVON Fg tines te dei Werden aig 20 hones ta ete 
mr tl opi carps natn econ or repose arable eal nowt 
tect waka yee 


“aimee the desig sary ubln ech hese witha distinct amber fram 12060, 
Wi heal 0 etic ps apr pt theme shat, aud mt them el Dao 2 
‘igs The corespndng hush wlbe ge dg! das showin cure det. 
Nowdemut20 mae sign Tosehoesaacescar Te romain 2080s we ee 
‘formation sect ergy onsanpion et ay ovr he eae. At the endl heya, 
comprehen mach deta sed th bome nth tee ous 


For Practice Try Exel 


Why dd we inchade 2 control group of 20 house in the energy conservation 
‘experiment? The primary purpoue of contol grup i o provide « belive for 
‘comparing the effect of theater teaments. With such a comparison got, 
‘we moelde't be able tote whether homes with digital dplay or charts used eb 
lect thin homes without sch ade 
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‘Was 2 control group really necessary? You might be thinking thatthe change 
{in elctrcty use from la yea wo this year inthe houses with displays and chars 
‘would tell us whether thes eatmens helped. Unfortunately, isnot hat spl 
Suppose lat year’ temperatures were mote eeme than this year’ Then many 
hhowicholds might show 2 decrease in elecricty ws, but we couldnt be sure 
whether this change was due to the weather orto the treatments, (Can you sy 
e ‘confounding?!) @ 


ses eee ee eimeeen oa 
ee reece 
te rd 
eiarememerm semen 
arregeete n 
__ [aap iaimnepna anni 
er 
fete epee 
sao Sees 
Faabieaseinee 


(CHECK YOUR UNDERSTANDING 
“Mine sens lien don’ crate hove prereset Can wall roy 


Fey a fap ogee tg bplinger apelin 
Seomance that at hrportant pat of Gc ae’ Aig 15 sds the rete 
‘edentape «peti ok headed teak then have these 
hemi ti heal pony at nn Taig en a 
snl yop ws wc sal te ei apes ane A the end of he seme, he 
‘Seem goupsndeb crated he Gal eirnance mor arc! 

1. Ondine» soph mnie en fr this expert illo the madd of 
Figne 4 

2 Desert hn ow ay nd the rn igre. roid mh etl hat 
' chemat ecald nphemes oor posed 

‘3. Wat athe prone of he ent rp oi eperimerd? 


Three Principles of 

Experimental Design 

Aanomied comparatne expen ate designed to ge pod evidence thal 
Aiferences athe restnent Stalls cons the ferences we sce Yn the spore 
‘The loge illo 

«A proper comparative dig css hat nunce other than the exper 
‘nena etme peste cally onl groupes lp conta fhe 
fcc of ring eae. 

* Random anigment lp lance ut heeft faking aie that 
‘re can contol, or don thnk of on the treatment eoups. That, random 
$ignment forms goup of exerinentl ts hat boul be sa all 
‘epoch befre the Geaimente sre pied 


Replication 
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+ Therefore, since the groups are roughly equivalent excep for the treatments, 
any diferences in average response must be due ether to the treatments ort the 
play of chance in the aad aegnment of experimental uni othe treatments 

"The fist wo ballet give us two basic principles of experimental design: contol 
‘and random asignment. That “itu” nthe last bullet deserves some more 
thought In the SAT prep course ample, we ca say that any diference be- 
roen the average SAT scores of stds enolled online and in the elauroons 
sunt be caused bya difference in the eflectivenes ofthe two fypes of istuction 
“There would be same diffrence eve if both groups received the same instruction, 
because of yanation stnong student in background and study habits. Chance 3k 
‘signs students to ane group ofthe other, and this creates a chance diffrence 
between the poupe 

‘We would hot tut an experiment with just one student in each group, for 
‘example. The results would depend too much on which group got fuck and 
teceied the stronger student If we assign many subject to each grup, ener, 
the effects of chance will verge out, and there wil be litle ference in the 
average spore inthe two groupe nes the treatments themueles ease ad 
ference. Our hd design replication: use enough experimental unit 
to distinguish a ference inthe effet of the treatments from chance variation, 


Lets see how thew principles were med in designing 4 fnows medheal 
experiment 


‘The Physicians’ Health Study 
‘A well-designed experiment 


pla et aiak The 
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FIGURE 46 The vonmen ibe 
Pricer Heath 
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the levels ofthese fsctor form the four treatments shown in Figure 4.6. One- 
fourth ofthe subjects were asigned at random to cach af thse Weaken. 

(On odd-numbered days, the subjects took ether tablet that contained 25- 
picin or a dummy pill that looked and tasted like the aspirin but had no 
Active ingredient (2 placebo). On eves-numbered days, they took either 3 
‘capsule containing betzcarotene of placebo. There were several 


Der medical outcomes. Aer several yeas, 239 ofthe placebo group but 
nly 159 ofthe apc group had suffered heat stacks This ference 


So. Resear wemptadt mrt eet 
tg rae ge cmprad brotha 
‘eetnnts toate mya a ope ane 
‘Sesame on eke 
resettle rane cmt 6 
epedemme tah treat pops wer roi eet 2 
Depew hr e500 sapere Ths 
‘epee at ya er nef 
‘epg rte testers ne che atone 


Exercive 67 


“The contol group inthe Physicians Health Study received inactive versions 
(plcebow) of both aspirin and beta-carotene. This group served asa compari- 
son forthe effects of aspirin alone, betz-cartene alone, and asprin plus beta 
carotene, 


Experiments: What Can Go Wrong? 


“The logic os tandomized comparative experiment depend mou abit ote 
all he subjects the same in every way excep forthe actual treatments being com 
pated. Good esperiment, therefore, requite careful attention to details lo ensue 
that all subjects really ate treated identical 

some subjects in 2 medial experiment take a pil each day and 2 conta 
group takes no pl the subjects are no treated identically. Many medial expei- 
‘ments ae therefore “placebo-cntrlled" ike the Physicians’ Health Study. All 
the subjects received the same medical attention during the several yeas ofthe 
‘experiment. On odd-numbered dys all of them took an aspirin of 2 placebo, 
(On even-numbered dayy al subjects took either a betacaratene pil or a ple 
echo. Many patients spond fayorably to any treatment, eye a placebo, perhaps 
Thecus they tr he doctor. The response to dummy treatment called the 


Placebo effet 


EXAMPLE 
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placebo effect. some subjects didnot take any pil, the effet of aspirin or 
bets-carotene would be confounded with the placebo eft, the eficet of simply 
taking pills 


Curing Baldness and Soothing Pain 
aa 

that tet of tlle ry estod or ceed eet of to 
psp eae prepara ilierephotmcntel ett 
“24 test subjects witha painful ol of electricity. Then they rubbed a eream with no 
Sethe mee on sfc sre dtd em the ce shuld help othe 


ihe pain When tescachen shocked hem aga, subject id he experienced 
signa lew pin 


‘When the ailments vague some expet think 
Mal dna neque of nd ct fe me aly wl das ft he 


fet Or strength of the ‘effect in medical 
pop 
pa ge ae 
ban Lt 


pe th oth pact et ng unc aid cn 
Inthe bakes study, 42% ofthe placebo group hep or increase 
the har bot 40 the men geting ne rf ace de Theda 
beats the placebo, so it ha something besides the placebo effet going for i OF 
course the placebo effects sil pat ofthe reason thi and ther treatments work. 
Because the placebo effec is 0 rong won be fois to tel wc 3 
medical experiment whether they ae receiving 2 new drug placebo. Knowing, 
that they are geting “ast x placebo” might weaken the placebo effet and bia the 
‘experiment in vor ofthe other treatment Rs alo fons to tell actor and 
‘other medical penonnel what treatment each subject received. hey Know that 
subjects geting jut 2 placebo they may expect les than if they know the sub- 
ject receming 3 promiang experimental drag Doctor expectations change how 
they interact wi pints and even the way they diagnos a pation’ condition, 
Whenever posible, expenanens with human subjects should be double-blind. 


264 CHAPTER 4 nesiowive sTuDtes 


Single-bind 


om 


‘The idea of double-blind desig is simple, Uni the experiment ends and the 
‘eauls ten, only the std’ statistician knows fr sure which ealment subject 
Inreceiving, However, some experiments cannot be cated out ina double-blind 
‘manner researcher are comparing the effects of exercise and ding on weight 
Tas, then subjects wil know which teatmen they are receiving, Such a expe 
‘ment can til be single-blind the sninsduas who are trating with the sub- 
ject and measuring the response variable dont now who is deting and who i 
exercising In other single-blind experiments, the subjects are unaware of which 
ttealment the are recerving, but the people interacting wih them and measuring, 
the response vanable do know. 


(CHECK YOUR UNDERSTANDING 
Tian neti experiment, aches ctained the fet of leva bath 


Soh Repu cn pcan yw nape a 
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Inference for Experiments 


Inn experiment, esearchem tually hope to see a diference inthe responses so 
lang tha suite, to happen jot been of chance variation. We ca he the 
las of probability, which describe chance behavior, o eam whether the reat 
ment elec ate larger than we would expec to ce only chance were operating, 
they ae, we call hem statically significant. 


stably 


lige obsene stattcall afcant diferences among the groupe ina tandem 
ied corparaine experiment, we have good evidence thatthe treatments actually 


Pblabed msearch reports many elds The pest advantage of randomised com 
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> ACTIVITY Distracted driving 


© muTEUAL: eck of cant fr each team of 3 araents 


Is talking om a cell phone while diving more distracting than talking to 
4 passenger? David Stayer and his colleagues at the University of Utah 
designed an experiment to help anewer this question, They nsed 48 an 
Aerpraduate students a subjects. The researchers andomly assigned hall 
‘ofthe subjects to drive i a simulator while talking on a cell pho 

the other half to drive inthe simulator while talking to 

respore variable war whether the driver sopped at 
‘specified by researchers before the simulation started, The table below 
thows the remlts2 


‘asrabon 
‘Stopped atest area? eliphone Passenger 
= 2 2” 
we 2 2 


Ae these eels statically significant? To find out, let's see what wok hap- 

‘pen jt by chance if we randomly reaign the 4 people ty this experiment 10 
fhe two groups many time auuming the eaten eered doce affect wheter 
sachet a the rete. 
1. We ned 48 cat orn the deck to represent the drivers in this sud 
‘orginal experiment, 33 driver stopped af the rest ares and 15 didnt. Since 
‘nore auuming thatthe teatment received won't change whether each driver 
stops tthe est area, we use 33 cand to represent drives who stop ad 15 cards 
to represent those who don't. Remove the ace of spades and any thee ofthe 2s 
‘oom the deck 

«Stop: All cards with denomination 2 through 10 (36 ~ 3 miaing 2s = 33) 

* Dunit stp: All jack, qucen, kings, and aces (16 ~ 1 mining ace = 15) 

2 Shute ad deal two ples of 24 card each —the fit pie represents the cll 
hone soup andl he eco! ple represents the pacnger gpoup. The suing, 
‘reflects our assumption that the outcome for cach subject isnot affected by the 
treatment Record the numberof diver who fled to stp tthe rest area 
cach soup, 

4, Repeat this process 9 more times that you have atta of 10 tial, Record 
yor ees in tble ike hi 


Taamaer wo Gan siop Number who aan slop ih 
cet pone gr, ‘asenger group 


tn how many of yur 10 tae dd 12 or more drivers in the cell phan group fil 
stop? 

“4. Make a cls dotplot ofthe amber of driers inthe cell phone groap who 
{aed to stop af thers area in each al fm what percent of the cl rial did 
[or more people i the cel phone group flo sop at the rest rea? 
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5. Inthe orginal experiment, 12 ofthe 24 drivers wing cell phones die stop 
al there ares. Based on the class simulation result, how surprising would it 
bbe to got result this Lge or gr simply due othe chance involved i the 
‘fandom sigament isthe esl statsiallysgptican? 

(6. What conclusion would you draw about whether talking ona cll phone is 
‘more dtacting than talking to 3 panera? 


an an “unlucky” random assignment lead to confounding? Let tum 

THINK ttiedasatcttmer ty, Some pope remanence Sp 

fret head sngpmca ape to pt at fe sl ect 

‘ABOUT Se roup.ifmne denn t gp al ao a eran, we dnt now 

TE itt becne ofthe tetment they ceed (el phone o patos) o het 
fongtfnlnese this confounding? 

‘ou might be srped tha he anwer “No Although peopl memory 

hey opt In ee he 

espns arb), he deg of the experimen takes coe thi by andor 

met grup The nll” random nig 

into scsnnt fm delrnunng sata agence. nan 

Speen ekning cn nh dy da ig 

‘tlerencer inthe expeimenal tts that might ssematialy alt the 

‘pom ot 


Blocking 


Completely randomized designs are the simplest statistical design for experi 
‘ments They tate clearly the principles of conta, random anignment, and 
‘replication, But jnt a wth sampling there ae tnes when the simplest mth 
Aes yi te ms pee alt When popeation com of po 
‘ndvichls that are "siar within bat diferent between,” tai random 
sample gives beter etimate than a simple raedoen sample. This same logic 
Spplics in experaments 


Doing the Laundry 

‘The idea of blocking 
archer want ed whe 2 new deers fr lathes tha ree 
Pre unecang eens san ornate 
Teton an pein ag es ty ly 
tug aa ieaead Ofvryaler Ie sata 
Sean aie dan a 
"ng eds come leaner tm nat war? They cook 
hea completely tndomized design and hope Ha the 
‘and sgmce drs the fiptolered thing 
(fnpeiry dranleparrgr enter bat| 
poop Even oth might be alt of early in clean 
ee gsm both groups da othe color of te lang This 
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"gate 47 outlines the randomized block design for out lunvry experiment 
"The experimental units ae fist separated into blocks to deal withthe potential 
confounding varabl, colot. The, the two treatments are randomly signed 
‘thin exch black. 


Blocks are another form of eatrl. They control the effets of some outside 
‘arable by bringing those varables info the experiment to form the blocks 
[A randomized block design allows us tn draw separate conclusions about each 
‘lock, for example, aboot ight colored and datk-colored clothes inthe laundry 
‘experiment. Blocking lo allows more precise overall conclusions, because the 
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sptemate diferences betes ight and dar-colored cloths can be removed 
ten we stay the overall eect of wxing Hs detergent in warn andl eld 
ater. 

“The Kes of Blckng & an important addtional principle of experimental 
design A wise epermenter will oa Blocks Bede he os portant 
Spode source of analy uring varable stone the experimen unis 
Aandomisaton wil then aerage out es of the remain arg a 
slesandsllow an uabasd eamparson ofthe weaments The mot fhe oy 
icon wht you at, lc on wha ou ca ean, and randoms erate 
comparable roupe 


Men, Women, and Advertising 

Blocking in an experiment 

‘Women aed men ego erent Yo ovcachen would lie to 
dag an epermentt compare the cnn of ce averncmen the 
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(2) play radon ec deg mg epee compe random ds or 
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(a) compe radentad sg comers sacs, eth men ad woe. geo. 
‘era upton ed ayes eae tenet pps won nt 

\ynde isonet traces tee mevatd wont which nel pba esting 
“etotsanatiey response tothe deren rer poops or earl. an adappeded 
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ret earracas 
ae eoree 
eeareyearinaremmnine 
Pere deereoeinery wn poutine 
Seep acta eee ogeencremon 
Seats oem store tao 
() Figure 4.B oatines the randomized Mock desige We randomly assign the 120 women its taree 
Pepttia me marorcarnntons Gentoo ac ee 
STlttonsemspeeteaneest per iervmaeren tte 
‘mesmue remain cmepeag seer 
Sectounesistnvaste tasetisS Emin dott 
etcoabptnk pees tamara ene 
bearilanearieicsetoric 

om 


Matched Pairs Design 


‘A.common type of randomized block design for comparing two treatments a 
P ‘matched pain design. The idea i to create block by matching pais of iat 
‘experimental units Then we em we chance to decide which member ofa pair 
{st the ist reatment. The other subject in that pir gets the othe treament 
That the random auigrment of subjects to treatment is done within each 
matched pas ut 20 wath other form of blocking, mating helps reduce the 
‘ct of vation among the experimental ts 
Sometimes each “pai” an matched puts deg cons of jus one exper- 
‘mental ua that ets both treaties one afer the othe. I that eae, each exper 
‘mera uni serves a sown contra. The order ofthe treatments can infaenice 
the response so we randomize the oer foreach experimental unit 


2 


S ACTIVITY Get your heart beating 
* MATERIALS: Cock or stopwatch 


s Ae tang peas enc highe han iting putt? In this At, 
2 wl pero vo expres ok oar ts uon 
1. Completes ondomiced design Fer the fit experstent, o andn 
sige den nr cess sd he ial cn 
tne the ht meter, Tale Do technol oc nthe randoin aint 
‘Once the tro tetment gous have been formed, nents ool snd ost 
Seed. Then they shxld meat hts plac for one mia Have the 
‘ebjers mea group record dt on the bo 
2 Matched pan devgn tna matched pis desig, cach side shnld recive 
tet restnet nears det Site you ley ea ora Step 1, 
{ou fd need od the appt now. As efor, everyone old mene ir 
Palit or one mide afer completing theese (at once they te 
‘Zanding ost Have ll the objets recon tho dl bth easement) 
ina clutton the bord 
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4. Amaze the data rhe complete randomized don. Make dpe 
‘alc the mean ple at for eck group Isher evidence thal sanding 
Poke ates ar ihr? Expasn 
“4 Auze the data othe mate pain deg Since the dats ae pated 
by suet you fot stp shoul be calculate the erence pe te 
(Standing foreach subject. Make a doit of thes diferences and cal 
uate cr meats thee ence at standing pale aes right Explain 
5. What oes the matched pas design have ve the 

achantage pas design completely 


‘An AP States che wih stadt ero the “Cet Your Het Bang” 
‘Acti, Wellanaye the esl ofthe experiment in the following example 


Ls take one more look atthe two Fathom dotplots im the example. Notice 
that we used the sme scale for both graph. This isto help ya visually comm 
fare the amount of variability im the esponse varable for each of the two 

‘designs Blocking by subject im the matched pair design greatly 
redced the variability in the response variable. That made it easier to detect 
the ft tht standing cates an inerese im palse rte. With the large amount 
‘of variability in the completely randomized design, we were unable to draw 
such a conclasion. 
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Another important son to take avy fom the examples th the design ofthe 
stay deeoine the appropriate method of analy For the completly random 
{aed design, i makes sens io campare pubs rats forthe two groups with parallel 
dlotplots and means. In the matched pais design, each student sa block. We 
‘compute the effets ofthe treatments within each block by examin the fer. 
‘ence in standing and iting pe rates foreach student. 

"The following Data Exploration aus you to apply what you have Teared about 
analyzing data fom an expersment 


DATA EXPLORATION Nitrogen in tires—a lot of hot air? 


Mot utile te ae sae wth compre hh cori of abot 
pe Aner rs lw pre ih afr than 
Iacono eth ge pine Fe 

‘Consumers Union designed a stody to test whether nitrogen filled ties woud 
ait ree bran i ie They tained oie om each 
“el nd lon te nh pl wih ee wth ig 

tie wea spew 30 pou pe gate ih a 

ute fora yar Ath nd of the year Cannes Union mesure the pe 
Ste ex re he stot pres poupr ae ch ing 


the yea forthe seid and nitrogen lle ines of each brand i shown in the 
table Below 


Docs filing res with ntmgen instead of compresed air rice pressure lo? 
(Give appeepete graphical and mimencal endemce to support your answer 
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Using Studies Wisely 


1 statistical thes often want to dew conclisions (make 
that go beyond the data they price. Here are two examples, 


* The US, Cennss Bares cates out 2 monthly Current Population Suey of 


In Section 4.3, 
you'll learn abor 


‘scope ctnteenea 32846000 hows. Tht gl we daa from these andomy slotted 
me household to estimate the peeent of unemployed individual n the population. 
The challenges of © Scientist performed an experiment that randomly anigned 21 volunteer sub- 
fmablahing cation ject ene of two beaten sep depron fr ene night or nr 
tua ees 


Aeep, The experimenters hoped to show that slp depevatien cates a dcreane 
in performance two das ltr 


What npe of ference can be made from a particular study? ‘The arawer depen 
‘on the desig ofthe study 


Scope of Inference 


In the Gens Buteass ample survey, the individuals who responded were cho- 
sen a andom fom the popaation of ier. Random sampling avid bias and 
produces tratworthy estimates of the tath about the population. The Censs 
Barear should be safe making an informer about the population based on the 
els ofthe spe 

In the slep deprivation experiment, subjects were randomly aged tothe 
sleep depevtion and nested slep teatmens. Rand asigrment helps 
‘case thatthe two group of subject rear imilr as pombe before the ket 
fens are pod Ifthe anette sleep group perfor mich beter Hi 
the sleep depeation group, and the difference isto luge tobe explained by 
chance Yaron inthe random asignment, it must be doc lo the tratmens 1 
that eae, the scientists could safely conclude tha sleep deprivation caused the 
decrease in performance That they can make an inference about cause and 
‘fect. However, since the experiment wsed veluntecr subjects, this iis seen 
tnt ability o generalize thes finds lo some Lrger population of iid 
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DESTGNING STUDIES 


Lefs recap what we've leamed about the scope of inference ina statistical study 
Random selection of indviduals allows inference sbout the population. Random 
anignment of indvidaas to groupe permis inference about cate and eect. The 
chart below summarizes the poonbtes 


‘ware inarvuaisrancomiyasigne ato groups? 


Jelena experiment domly as val west! os, 
However, most experiments don’t selec experimental nist random fon 
lange population. That lant such experiments lo inference abou! cause and 
fice Oeratinal studies don randomly ign indivi to groups, which 
‘ules out inference about cause and effec An observational sy that ses 
‘andom sampling ean make an inference about the population. The following, 
‘example stats ll four eases the table above tna sngle setting, 


Vitamin C and Canker Sores 


Determining scope of inference 
Nall town det wants o ow daly deo 00 mila (no ia. 
‘nin © wil elt in fener canker wes nthe mouth han taking no wan 
“he dent comeing the following fn ty deg. 

1: Ctl dental patents town wth the net wo wecks 
Pee Si ab owen steers 
‘take atleast 500 mg of vitamin C each day? (2) Io you frequently have canker 
‘ores Reon patient anor fo Quen 1, die the i ve roup 
thine who le a leat 500mg warn Cay ad hoe wh dn. 
Desig 2 Gat desl ates in town ith appease next fro wor 
oak prt ny, Randy nig Bal them fo tke SOD gf vant 
(Cac ad tether bal ont fo taing tar Cfo ce sont 
Daigr Select random sample of dental ptt a et thn be 
Pat oid. De the ats into te pou ah Des 1 
Dmigrt Selecta rand sample of dental pater inten a et hs take 
tasty. Randy sng half of theo tbe S00 mg ofa © each 
{Ey and the ter lf to ab et tay fr ice mo 
Tawi do the det ce nie he compa he roti 
{i patent each oop who complain of canker sore Ako spe tat she 
Seah astatiallyigaeant erence wha smaller proportion of thee aking, 
‘ian Caving eater ors. 

POEL Wc he dit cn ec si 

sauTon 

Dp Sc hpi est dt ede dei cer ht 
‘erste opine nears can ceri ny ce 
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wee bray peed eats Wh ran gmc thos 8 
“lms nena evade het ows ta ee iets st 
seotot ane ss tar hee 

Des: heise te dei a may noc shoes red gray 
options vals Home he ester ado ee oa sc. 
‘Aang proper cnrli he perme Se cocoa taking amin Creed be 
cel rig cere acs. 

Des Scepter ee no seco om th poplin deal is nthe 
‘ow th drs con perth reso this std othe opin Beane isa 
tsar sy fer aot case and ft cane mae The dest wcll 
‘av oth poplin eal pens inthis town ths aig ain hfe cer 
‘eres thn hse ah do Se cat wether he vam ces ths dictn Some ther 
ened rae (tthe eis cn da conc aba wets ep 
‘he genre ha wma anwar wera, the ale 
aso etal pent) 

Des As ese 3. therandon apn sows edit o eaters 
‘saath poplin evans town. sls 2 the indo seme wal 
‘ow he aca soi ope onthe erie tht ai ane eed 
hecho etn canes ender wl coc ti or he pp tet 
ent hse hos an am Cul edhe ce see ta thaw 
‘or etiam Ath Dee, seca end tres te ea ppuin et 


‘ete 
The Challenges of 
Establishing Causation 


Aweldaugpd experince that chang nthe explana vara cane 
changes inthe eopone abl. Mere preci tll tat hin happened 
for pectic indvdoas in the specie ern of thse expec 
‘Theterns vat a at the teenth abject othe Enna of 
esperar ay nt be reali Lack of recon ont uso aply he 
‘conch of' experiment the sting of ese ire. 


Do Center Brake Lights Reduce Rear-End Crashes? 
Lack of reatism 

Do thon high cen rae ight, roe on ll as soldi he United Stata 
since 198, realy seduce rarend aloe? Randomize compare xp 
‘ents with fects of rental nd busine can, done belre the igs were egured, 
showed that the hid brake hight educed eared collins by a ch 3 50%. 
Bt ging the third light al eased tony 2 5% cop, 

‘What happened? Most car id not han the ets Brak lit when the experi 
‘ment wet cated out ot xu the eye of following deve, Now Bt xt 
[Mlcam fav herd ight hey no longer capture atenon 
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some cacy, itn? practical or even tical to do an experiment. Consider 
these important gestions 
“Dos texting while driving increme the ik of having an acident? 
“Does ging fo tar regulary help people ine longer? 
“Does smoking cans hing cancer? 
Toanewer thee crue and flct questions, we pst ned o perform a randomized 
comparative experiment Undrtanately, recat randomly aig people to ext 
‘nail diving orto ater to smoke cigarettes The bet dats we ave 
boat thee and many oder ease amet questions come from observational 
staies 

‘ssometimes posible to build strong ease for catsation inthe absence of 
experiments. The evidence that smoking ezuses lung eancer i abou! aston, 
‘nonexperimental evidence can be 


Does Smoking Cause Lung Cancer? 
Living with observational studies 
Doctors had long obseed that ont Ig cancer patents wet aolen, 
Comparison of smokers and similar nonsmokers showed a very strong 2s80- 
‘clon between ating ad death nln cancer Cou fe anotaton 
‘eosin br crepe ct ha ak ee 


ttc fang Ox mab cnn 

ht be hashes ea es in erway ht, 
leh uct ects and th se ther ab cnn th ik 
ing aca oflang cnc How were btn nee? 


e 


‘What are the ctiteria for extablahing cawsation when we can't do an 
experiment? 

* The ciation te wtrong. The aacation between smoking and hang cancer i 
verystrong, 

|The sociation i conisent. Many sods of eilferent kinds of people in many 
‘countries ink smoking to feng cancer That redces the chance tht lurking, 
‘arable specific lone group or ome std explains the asocation 

1 Larger rules ofthe explanatory neiale ar camcited with stronger expan. 
Fuople wha soe more eiganeties per day or whe smoke oer 3 longer period 
get lng cancer more often People who sop mokig edace thet tak 

© "The lleged cause precede the effet ine. Lung cancer develops tr years 
lofsmoking. The namber of men dying of ng cancer tse 2 smoking became 
‘more common, with alg of about 30 year. Lung cancer kills more met than 
ny eter form of cancer Lng cancer wat rare among women il women 
[began to smoke. Limg cancer women se along with smoking. agin with 
lag of sboxt 30 year, snd ha now pase breast cancer ax the leading cate of 
cancer death among women 
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1 The alleged cae i plewsible Experiments with animals show that tars fom 
‘igarette moke do cause cancer. 

“Medial authorities donot hesitate fo say that smoking eauses lung cancer 
‘The US. Surgeon General states that cigarette smoking i “he largest avoidable 
‘cause of death and diab inthe Ute States“ The evidence for easton is 
‘overwhelming butts not astro 2 the evidence provided by welllesigued 
‘experimen’: Condacting an eeriment in which some subjects were forced 
to smoke and othen were not allowed to would be unethical. tn cass like this, 
‘observational studies ae ou best source of reliable information 


Data Ethics* 
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Ectample con dof els adi jc re 
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“before data ae collected 5, 
Al inivdul data rt be kept confidential, Only statistical smmaries for 
_oupe of sabjects may be mace pub. 
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“The Law requies that studies cased out or funded by the federal government 
obey thee But neste the lw nor the comenses of experts com 
pletely clear about the details of tei application. 


[Institutional review boards The purpose ofan insitutionl review boar isnot 
to decide whether 3 proposed stu will produce valuable information or whether 
it statistically sound. The board’s purpse i, inthe words of one university's 
‘board, “Yo protect the rights and welste’ of human subjects inching patients) 
‘eruled to participate sn research activities” The boar reviews the plan ofthe 
study and can require changes reviews the consent frm to be sure tal subjoes 
se informed about the nature ofthe study and about any potential rks. Once 
‘esearch begins, the board monitor is progress atleast once a year 


Panera ees nt eb trey eng el 


Informed consent Hoth words in the pheae “informed consent” ae importan 
and both can be controversial. Subjects mt be informed in advance about the 
‘ature of tidy ane ay rk of harm it may beng, tthe eave of sample sit 
‘ey, physical fam i not posuble. But 2 survey on sensitive fess coll result 
{in emational harm. ‘The participants shouldbe told what Kinds af questions the 

vey wil ik nd aboot how mich of the tie wil 
fake. Expesimenter mt ell subjects the nate and 
pone ofthe sidy and outline pomuble rks, Subjects 
rut dhen coment i wt, 


Confidentiality tthical problems do not disappear 
‘once a sty hasbeen cleared by the review board, has 
‘obtained coment fom is patcpants, and has actually 
‘collected dat abet ther. I sport to poli 
<dvihaly’ privacy by keeping all data about them con- 
SEdential. The repert ofan opinion poll may sy what 
percent ofthe 1200 respondents fl that ley migra 
fiom shouldbe reduced may no report wht ou ak 


‘aan th pertopertoti Bie coedy ae te 
ararous youre roe Shaves eposeyour eyes” ity means that indus are anonymous thet nates 


shout thio any oer ie 
‘Confidentiality sa the ae as anonymity. Anonym 
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ae not known even fo the det ofthe study: Ancmymty sae in statistical std. 
jes Even where snanymay is posable (mainly in surveys conducted by mali 
reves am follow-up to improve nonresponse o ior indual of sul 

"Any breach of confidentiality is serious lation af dats ethics. The bet pr 
tice ito separate the deity of the stay’ participants from the rest ofthe dit at 
‘once. A clever compate seach of several data bases might beable, by combining, 
information, to Wnty youd lar a get deal about you even if your nameand 
‘other Kenticaion have been remoned om the data aalable for search rivacy 
‘and confidentiality of data ane hot isues among statistician inthe compur age. 


+ ACTIVITY Response bias 
th Aci, yout eam wll deny a anc an expe Wea 
th ees ftps bas nse You my chose he efor ou 
‘buyout dg your expr tal can swe at ast one the 
fellow gust 
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Magnets and Pain 


Lets return tothe chapter opening Case Sty (page 205). Researchers caried 
fut an experiment using ax subjects 50 volunteer patients with chronic pain. 
‘A completely randomized design was used, with 29 subjects roeiving the setive- 
‘magnet treatment and 21 subjets getting the fake magnet treatment. The Fathom 
dotplt shows the final pain ratings for both roups A = active magnet, I= inactive 
magne 

"The average pain rating afer the treatment wat 8.43 forthe inaetve-magnet group 
and 4.38 forthe aetvesmagnet group Ths diferenceinttinically 

Siguicant What conchsion ean we de? 
“The diference in the average response for the two groups Was 
too lange to be explained by chance variation i the random ay 


sigument So we ean infer thal the magnet treatment eased 3 
‘diction in pin. But since the subjects were vollunters, we 
tafely generalize the findings of this experiment to any larger 


population 


Summary 
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epee. 


“+ Remember tht randomized comparative experiments can answer questions 
that cant be answered without them Aso remember thatthe interests of | 
the subject mane always prevail over the interest of science and society 
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Chapter 4 AP Statistics Practice Test 
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or meni yevorded. Below is some compute 
‘apt frm the sty, alongwith a seterplt 
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Be re dene ar variables you te 

(ej Whe doe sunage were decide alla Sve i 
Bet cel sgn the etc hd ne 
‘oe proce, what the Het ext of he wee ales 
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Randomness, Probability, and Simulation 
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Conditional Probability and Independence 
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(Chance ial around s. You nd your friend play rock paperacior to determine 
two gets he ln slice of piza. Aco lows devades which team gets to receve the 
[al fst football game. Many adolsreglaly pay the Inte, hoping fo win 
big jackpot wth afew lucky numbers Others ead a easinosorractacks, hop 
Ing that some combination of lock and sil will pay of. People young and old 
pli games of chance volving cards or dce or spinner. The tas that chldren 
Inher gender, hair and eye colo, blood type, handednes, dimples, whether 
they can mall thie tonguesate deiermaned by the chanee iavelved in which 
gents get paved along by thts patents 

‘A roll of 2d, simple random sample, and ven genetic inheritance represen 
chance behavior that we can undentand and woek wth, We can rl hed ain 
and again and again. The outcomes ate pverie by chance, but in many tp 
"ons pattern emerges We use mathematics to undestand the regular pater of 
chance behavior when we epet the same chance proces agi ard azn 


The mathematic of chance is called probability. Probability is the topic ofthis 
‘hap. Here san Aetviy that ges you some idea of what es ahead 


© ACTIVITY The “1 in 6 wins” game 


"MATERIALS: One ssid di or ach stent 


Asa special promotion for its 2-ounce bts owed, as drink company printed 
‘menage on the inde of each bottle eap. Some ofthe caps sd “Please ty 
ayant” while ther said, “You're a winner" The company averted the promo- 
tion with the slogan “Ii 6 win prize” Seven friends each buy ne ounce 
bot at loeal convenience store. The store cle is surprised when thee of them 
vin pie. thi group of rend jt Icky, ot the company’ in cain 
‘naceurte? In his Activity, yu and your clasnates wll perform mulation to 
belp animes this question, 

or now, lt asume thatthe company’ telling the tah, and that every 
200unce bottle of sda ills asa Ln chance of getting 2 cap that sys, “Youre 
winner” We can model the tts of a india tle with ssid dhe et 
1 though 5 present “Please try again!” and 6 represent “Youre a winner!” 
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Roll your dic seven times imitate the proces ofthe seven fiends buying, 
(heir soda. How many of them wena prize? 

‘2 Repeat Srp 1 four more times. In your five repetitions of this simulation, 
how many times di three or mote ofthe group win a rie? 

3. Combine resulls wih your classmates What percent ofthe time dl the 
frends cee auay with thre or more prizes, just by chance? 

4+ Based on your answer in Step 3, dos it sem plausible thatthe company’s 
‘elling the ruth, bat thatthe seven fend jst ot ley? Discus this 2 a cla, 


Aste Activity shows, simulation ia pomesfal method fr modeling chance be- 
hantor Section 51 bees by examining the idea of probably and then tales 
how simulation can be wed to estimate probabilities. In Sections 2 and 53, we 
develop the hase rules of probability. Along the way, we introduce some help 
fal tok for displaying pte outcomes fon chance proces: two-way tables, 
Venn diagrams, and tee diagrams 

Probability calculations ae the basis for inference, When we produce dats by 
‘andom sampling o atdonuzed comparative experiment, te Lvs of proba 
iy answer the question “What would happen sf we did ths many times” Many 


foltne example, excises, and acti in thi chaptet focus on he conncetia 
between probably and inierenee 


Randomness, Probability, 


“msecionst, and Simulation 
you'll learn abo 


‘The dea of probaity 
1 Myths tout dominos 


Tom 2 coin 10 tes. How likey ate you to get a run of 3 or more conscentve 
heads or tai? Am aitlne known that 2 cetain percent of casomiets who pu 
cchmed kets will not show up fora ght the aie oerbooks a particular 
Aight, what are the chances that they have enough seas forthe pawenger who 
show wp? A couple plans a have chide unt they have at east ne child of each 

‘ender. Hw many children show they expect to have? 
‘gnome these questions, you need a beter undentanding of 
brow chance behavior operat 


The Idea of Probability 


{In fatal, a coin tos helps determine which team gels the 
ball int. Why do the rules of football requite cot tos? 
Because toning coin seems 2 “it” way to decide. Thats 
‘one reson wy satiicans recommend random samples 
Sd randomized experiment They avoid bigs by letting 
‘hance decide who ges elected or who receives which eat 
‘ment bg fact emerges when we watch cin tomes a the 
result: of random sampling and random anigament closely: chance Behavior i 
tinpeditdle i the sort ra ut a regular and predictable pate i the long 
‘This remarkable fact isthe basis forthe idea of probaly 


‘284 CHAPTERS PROBABILITY: WHAT ARE THE CHANCES? 


= ACTIVITY Probability applet 


: ‘yo ow ci, wha he chance ta sho ea 172, 05 ih? 
Inti Acti, owl ete Pray applet at ry escorts 
Investigate ht probably really mare. 

1, yo toma fics 108m, ow 
sean head il you? Bele you 
a mer inh the Potty spl 
“ ‘Set the number of tosses at 10 and click 

Tat What proportion a hte ete 
head Cha Ratan the ih 
‘ere ee Win opin tat 

tine Repel ths proces 

‘Sel oe tr Wha dy ot 

2 What fm ow the can 10 te? 

Feet hc pl bth cn 40 

‘tumes (thats the mesinaar rusmber cf foases 

fl dostone tne Then as 4 mee 

imine: fens and 3 er ta 
= “noes 10 i 
et ch ead 5? Che 0? 


{Rep on ting whut iting Ret” Wha ape othe pption of 
? 


4. Avactan, deus what the allowing stern! mean“ you lo acon, 
the probability of heads i 0.5. bs 

5. ret wat wil happen you change the pobablty of ed 03 an 
iron Then se he applet to fest our predton 

6 tty oa cot ten etal 09s” thumblack can 
lund th the pot cing op crwth he pa down. cs tha ean thal the 
Probaiy of toed back nding pe up 057 tw could yo in 
a Dacor clam. 


“The following cample looks at sme resis om the Prout applet Acti 


{aw flange numbers 


“The ct a the prop of head in any owes evel clos na 05 
sprite by the lage mami portant exh ys a Ie 
Stn re and mar pte oy hance pce he propria is 
that specie oleme ec ung ac Weal hae the 
baby The pcs example conten tah proba of ting eh 
‘hen nee a ctm 5 Pry 0S mea“ al the i in 
‘et age ber of a= 

"We ight pct ha can bas probaly 05 of coming up ead ot 
cau the ot has wo den al wee be en at pg pny 
ts Mt ste, the tha ong he con, ges head prey of bt 
45 rater han 03 What sot umbtcs? They abo have vo as 1 
{endpoint po rt dowe—ot he chance thas toed Smack an 
pn up 0. How dove Know tha? From ings hack ne aid 
‘eran oer api. roby deco hat happenin ey may tay, id 
‘Sem actly obese many onc fs cto ma oi Sn 8 
petal. 


‘Outcomes that never occur have prabsbility 0. An ontome that happens on 
‘every repetition has probability An come that happens hal the time 2 
‘ery long series of tral has probably 05 OF onan, we can never bere 3 
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probability exactly We could alvays continue lssng the coin, for example. The 
‘mathematics of probability & based on imagining what would happen in an 


‘deine ong series of ik 
Restyoncieine "Probably ges ta lngaet dex the longterm esr of rnd 
‘eaw'aminer Behar The once fs com os and he gener the met baby bor 
‘etapa er Inala oth nc, So the rel fandom sample nt 
row gent Eve ie rane, fr expla on he tat es - 


fcurat random among maoy india. 


‘Weotten encounter the unpredictable side of rndomnes in ou everday lve, 
but we rarely sce enough repetitions ofthe same chance proces to observe the 
Tog ei that obit dec ile mun expan cain, 
and other who make important decisions based on probability rely on the long 
‘hn predictability of randoen behavior. 


‘CHECK YOUR UNDERSTANDING 
1. Ascot the “Rack OM" the pcb tha andonly selected US. adult 
‘tally at Ect 6 


(a) Explain what probity 61 means in i sing 
(0) Why dna hipaa hao 100 US adel ae chon af rn, ely 
{61 ofthe ale ead? 

2 Phnkbiy ie seme flaky a cere coc. Matlin te 
‘stilt ec etn Be per ood or are 


2 om 03 os om 1 
(a) Th onteome impede ean never acct 

(b) Thi ontoome etn loner om eer tl 

(e) Thisoutenme very enlity; bat twill mct once whe i 
pone 


(Gd) Thin ouicame wil ecurmowe fica than not 


ation 207 


Myths about Randomness 


la of probability scems saghtfrwand. It anawers the question “What 
happen if we did this many times” In fc, bah the chavior of random 
phenome 

onan, and prcholog tel ur that we deal with poorly 


ches of probability area bit sable We meet chance behavior 


ACTIVITY Investigating randomness 


1. Pretend that you ae ping 2 far coin. Withont actully fipping a coin, 
‘imagine the fist os Write down the res yu Se a your mind, heads (H) or 
tails 


flip. Waite down the res 
3. Keep ding this until you have recorded the result of $0 imaginary Rips. 
Waite your results in grou of Sto make them casero read, hike his THVT 
THT, ee 


4. Anum isa repetition ofthe same result tn the example in Step 3, there ra 
run of totals fllowed by aru of two ead inthe fist 10 coi lp, Read 
through your 30 imagined ctnfpa and count the rumbe of mn ize 2, 


‘and soon. Reco tbr fran ofeach size ina table ie this 


Use Table D or technology to generate a sini lst of 50 cit Ms. Record 
the mamber of runs of ize 23,4 and 0 forth na table ike thi 


6 Compare the two ress. Did you or your ealelator have the longest a? 
Hw mach longer 


‘he idea of probability is that random: 
Unfortunately ot ntition about random 
random phenomens should alo be predictable inthe 

we lok for some explanation oer than chance 


Runs in Coin Tossing 
‘What looks random? 

“Tosa coi i fines and record eat (H) otal (7) on each to. Which of the 
foloing outcomes more probable? 


wmrn rrrain 
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Almost everyone sas that HTHTTH is more probable, because TTTHHH does 
‘notTook randoon infact, both are equ ely. That head and tals ae equally 
probable sys only that about lf of 2 very Tong sequence of one wll be head, 
[does say that heads apd tal must come close to altemating in the short un 
“The coin has no memory It doeart knw what pat outcomes were, and i eat" 
try to crete a balanced sequence. 


The outcome TTTHHE in fosing sx coins looks unusual beeause ofthe mans 
ofS straight tals and 3 stiaight head. Ru seem “no random” to our inition 
batare qite common. Hese'a more striking example than lowing coins 


That Shooter Seems “Hot 
‘Chance variation or skill? 


te thre ich thing at “hot hae” in okt Bl hat rn mt 
te fom something thr tha fot chance faces chain 
et ‘cel comet sh, bth the fa a et 
‘Smmaetblen ta ve hast han and orl oa he 
tex tht Th rong, Cott sty ha hown tt ao at 
(= nid steno mort bent a Baeble be expec 
ach aot tf he plyers prev htt eer mak 
rir lang enh ade Sho and mines ba Ie 
tee cla ~and ht canta rr of aka ie temo 
‘oman thou nn expec 


The myth of the “Law of averages” Once, ata convention in Las 
‘Vega, one ofthe authors roamed the gambling Noor, watching money 
lsappear into the drop banes under the tables. You can see sme intresting 
Iumat Behavior in 2 casino. When the shooters the dice game, caps roll 
several winter in a tom, some gamblers tink she hat 4 "hot hand” nd bet that 
she will keep on winning. Ors say thatthe law of averages” means that she 
‘must now Tos so that wits aid Tmt wil balance ot. Believers the Law of a 
rages think that f you tom a coms ines and get TTT, the niet on rt 
The more likly to give ahead. fs se that the long run head wil appear hall 
the time. What samt is that future outcomes unt makeup for an imbalance 
ike six straight as 


Dortsantteuwdtre Cais and dice have no memories. coin does know thatthe fit six ont- 
peta shrank ones were tail and & can ty to get ead on the et ts fo even this ont 
betel eet. ‘Of course, things do even out i te fang ren. That the lw of large numbers in 
‘ite tone sion. Afr 10,000 foes, the results ofthe fit six tosses don’t matter. They are 


Sete ‘overwhelmed by the results ofthe next 994 tomes, 


So ean of erage dame Qe 4 4 ae ace rm eve been born, 
Sectatcee papa aeey lente at thes ad bead 


Simulation 


Simulation 
"Tho imitation of chance chavo, bed on a mode that sccuraely rete the 
‘ivaton calle simulation, You aay have sme enerence wih sal: 
tons. Chaps Ts Trg Dacron Ie Js Won't Fy” Ae pag 5), 
‘Sr ten enw pe ol 4 
ia Chapter Atty (page 24) aed yo toe 
‘dep of cnt tems cnn elpute cof tian 
“The io wi” game tat opened th cape had you rls de vera nes 
to imate buying 0-0 cn ai ooking andere cap. These aint 
Insole een chance eee” —cads odie Bu the ane a katy 
‘tilled all he smton, We ca naz hn aly wig 
Elie fouratep proce: State, Pan, Do, Conclude 


‘Do: Pesform many repetitions ofthe simulation. 


‘Conclue Use the results of your simulation to answer the question of 
‘ote 


“The following table summarizes this fourstep proces for each of ar previous 
ssmations 
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inng Oserminaton 
‘Sain [ews ta arty wo 
‘mths mds a3 aes 
Deng sod omni 
‘mae anaes? 


Pian | saspeona ma 

ars pts ano aera 
‘gms 40 A—msresans 
— 2a 1 — sop amt 
cc — a 


une me anc pe 2D 
prom gag we re pase Ta 
ee 


espa de ram asim re 
‘uw De ne 1838 

etna rotary ost rom at 

aut wraps ope ap 

Sr oc Pan 

ouvert a 


So fa, we have wed pyical devices for ox smalations. Using and > 
bers fom Table D ot technology ts aather option, atthe following examples 
atte 


Golden Ticket Parking Lottery | 
Simulations with Table D 


ahaross theron elk paso gis we come aces to fet bl rom 22 
[95 Teo sadn wise abe ee pre pr ces. We rece wheter beth 
ener ae mmbersttne A? Settee ies) 


‘ea, uray oe 
you pre 
to arg 
corey 
pron em 
fercpntya 
‘imagem 
tac ere 
set 
mayo wt 
apne 
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DO, Lets perrmmany repens er sidstin We as aD starting ne 139, Te 

Agta trom tart ru swe oe Weave ae arabs coperete he ptaipt 

‘dees cc ps neh aed te se stadt sith AP Statistics cs, 
‘he Staden note as nd‘ hemberinetneen 1 at 35h tadent 
as sey saci (teat te coset" aes ade the same een ne 
‘like sipped he seconde) 


Este ate ete bale beet babs es oe Eady 

= x| a x[= «| dawe|x x |e [xox |e 
tay Rept opt “Raps |p| anne |p| 
fe [xe [se [se | ka [xm | Ne Tse | 80 


‘evhetess eens hte wes ae aero bet om th AP States das Be 
‘Sma opens ofthe sidin Cortn were ee of, 


912) 4st) ay o4 pty 22300) 2412 
Ee eae aed el eae ed ee oe 

"pt [Bp izle stop} Rep? | Reps 
Mel "he PR Dae te Te Tt) ee 


‘Sse esting wen eh irre Ss cs 
{Teepe Smeets ao tlt) wad Sma Wd 
es rents Atte at Ser sd 4 Wr 

ONCALOE hers tay et came onthe AP Stats cai 
“here rpetin Seah iene 10th ade cmc ase ole ee. 

‘oer ht ppm ty oa ems peta oar asc aly 


r Yo Exerc 


» 


tm the previous example, we could aye saved 2 litle tine by using 
randine (1,95) repeatedly intead of Table D (io we woulda have to Worry 
aout rnmbers 96 to 00). We ake this allemate approach nthe next example 


NASCAR Cards and Cereal Boxes i 
‘Simulations with technology 
nan tempt to increase sale, abrektn cereal company decides toler 
{| NASCAR promotion. Each box of eral wll contain collectible aed 
festuring one of these NASCAR diver: Jeff Cordon, Dale Farhad 
Je,"TonyStevart Danica Pie, of nie Johnson The company sys 
{hat cach ofthe 5 cade xual ely to spear ay box of cereal. A 
NASCAR fn decides to Keep baying Bons he cereal tl he bay ll 
$ die catde She spied when takes er 25 Bos tog the fll 
‘ett cards Should she be srpried” Dsgn aid ery outs snlation 
te belp armeer this question 
‘SOTE tshirt a 5 
MscaResetie css? 
LN Meeultemses tape the sce esl = Jo Garg 
Tat nde Je 3 iy ctu 4 Dak 3 = Jee 
iecenas( 1s] osm eye bttorlang echt 
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ote geen ot try 
sal wen 
ren fon 95 


‘Sc nena fal sfc. Than resing er et we geal oro he aso 11a 
‘5. Wel ecard te mbt hos tat ad 2p. 


(00; hstimetoporormnany repisof tena Here ar cars ewes: 


3521529549peue 5125141412224453 16hows_5552412159 10hous 
‘495951115915452 1Shews3522124554229952954225 22hm 


‘TeFatom dope shows te mmbeefhans ebay in 50 pts ofthe smton 


[RASCAR cereal pebien —[oaral 


iid 
$28Ess8 BE ot 


7s on a BD 


CONCLUDE Wenmarhad ea mre than 22 bones to tthe he ot NASCAR ves 
ards 50 repetitions lee santion Seow est potty tat aes23 0 
are bust eta es rap OThe NASCAR a shoe sare att ow any 
es he had taba 

For Pralee hy nee 25 


‘What don’ these simulations tellus? For the golden ticket parking lotr, 
‘we concliled that iy planuble the draving was done fil. Doct thal mean the 
Totery wr conducted faith? Not necenary All we did way estimate thal the 


THINK protahiyo geting to wien fen te AP Statics clan wan aot 10% 7 


ABOUT 
Tt 


the drawing was fi. So the real anliely enough to comic ws dat the 
Totery wat rigged. What about the cereal box sma? 1 took our NASCAR. 
fa 25 bones to complete the set of 5 card. Docs that mean the company dé 
tel dhe tet about how the cards were tributed” Not neces. Out sal 
tion aay hat fs yery slike fr someane Yo ave o uy 23 baxes to get al 
set if each cards equaly ikl to appeat st 3 bo of cereal. The evidence nig 
{ge thatthe compar’ statement is ncoret. sil posible, however, that the 
NASCAR fan wat jst yery unlucky 


‘CHECK YOUR UNDERSTANDING 

1. Refer the gden ck parking ltry empl he flowing ais sch 
‘sembly the Wonks wien wee once apn members othe AP Sttte lane Thi 
‘ocd types aboot how te ly feng conde How would yo may he 
‘eran the carpet stretch happen ty ane? 
2 Rafer tothe NASCAR and bait cel cxtnle. What he cereal company 
‘edo trop ene vc cd he Feta wipe oe 
hance hat cach exe pens ns oft cerel Jef Garden, 10, Dale Ear, 
Je, 50% Toy Sowa 0, Daren Patch 297 al onc Jobin, 15% How woul 
you modi th malatonm the cumple oma the chance Set a wol ave 
iy 28 or mre hows ot he alt? 
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Summary 


© elas poe ban teresa ete 0 ois 
acsosskc miesnccay en npeneeoacir tage 
poettierpepectndiril imp tier et le 
acinieesel cemsr aor eaerm ager eer 
pet ancien sstonni ipcicur a eres oe 
Remake samen 
iis crt en ht hopping. Sat of 
tne oem Hs Kagel shang ech St 
‘ook random to 1s because they do not show the regularity that in fact 
pal cerny soon 
Eyeecreneend resin mene aren 
enone a peterson taeraoame be, 
step proce: 
wy STATE Fermi s eof eee hut sme cone pose 
aa PLAN: Deere hero we clones denon oe peti of 
Kec gtr cl owe eet aes 
palermo Gon 
(os Petr mary patie he don 
(CONCLUDE: Lec rel or aaten over quiin 


oe 
Exercises 

Lilet Catnapper deh 

Matensi engage caesar = pectaertoteeping neuron 


‘rpc eli the a Ae drone 


hy some nha wae tk 8 
ideo wh ft te he ene (“ae 


commonly wed drag tet he probably of abe 
pervert 

(a) Teer he peli lng lai 
Sonic 


(03 Wie tn csi et hele 
poutne ors abe neve” st year nver 
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Geet Seprees toed ini Eacees bole 

gor br St 
cl etn 

tht etc nal eit 0 
(a) plain what his praise 
(b) Why doen his probably ay that couple 
Te hlden mea ther eae opt ic 
bra? 


4 Ton elm athe pope Tet km a 
stv lg ma thr Bt ecard per 
ied comb the te cathy ade wath 
thee of few ll pee You rad 
‘ono poker at ould pa un of 
theme kaya har. he atin of 
ting rnd 89/1000, 

(s) Expl what hi pbb mea 
(b) Why dc hie probably ny that yu 
00h eee 8 wl br fe id 

5. Spinning a quarter Wits your bein, now 

parr eae aed on he vere upc 
ee on hand ce The ft ts our 
fore eb 

com att 

35 inc and ed h ae 

(4) Wate fr he pray fea 

Wir ieee 

(bE how ou al ota ee er tae 


6 Niel ting oe Yi uy lf ln at te 
ithe ntegeein batt U2 
eee Reanim erie ssuecerat 
ny oct arden deren ad 
sl aronteen yates 
‘eke ine Dm tee a ve eh 
(0) Whar ete forte pai a he 
Sein sp Wy? i 
(9) gla yon rel ot on vn ate ine 
1. tn hese ee bw ses the i of 
teeth lye den swe bn ore 
a 
hers 


DU Rogirs sig Tecigne bar teerreas 
re erent st 000 cin tes Epa hat 
‘heap yan chance Heer thes 
pa] da 


4 Dslr abit Ase road bt 
ht ed 3 fine ner ele 
ce por tlt ye 
‘Suh atin TV sme si He de 
ie tee fem ight Why? 


aye aanipe cians 
SiasemeuRoesactt 
ache 
See 
oer 
aatpeaaar 
ere 


1, Playing "Pek 4” "The ek ames in 
aterm ec ey 
Yow on hed te wring 
‘32m bom table of nd eo wor 
pce you ck mates ic 
tm The cng ee delay pe 
proper} ope fares wei 
cereale 
(o) Th winger might fr xl, 
{She 23 99 Eagan sy ne ewes 
Palade 
(0) yew eked any pepe wats 29730 98 
[etree entree 
ae mre ci Ue 
ference eer ts yeep oper 
Sip wf ney 
uae 
Aint pte 
(o) A teres ro al lc re lly 


[hey fe occa on cach pin of rule mec. 
Heche fe cme tl cet al is 


a 


8 
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ee ee 
Seat ht inc cyte bw a cg” 
besten apes riers ocala 
cea 

(0) Aer hear 
{Sh pat hd Ss Ere wom end wo, 
ihe poblermevesion ps pee Fh re 
‘subj vel ch He ene hays ond 
‘mate ene card de i ed 
‘ul My ob red back eth per ight 
rg enh? 

Free hows A bet ple pci O75 
sfrmaling fe thow Eplan ne ou woul 
‘ach eance dence mnie oe orm By he 
lye 

veerers 

(b) Tale Df nd deg 

(0) Astra ek lye 


Stoplight (he dive wrk vy ear 
egret itn ace Te 
fan probity 1 eng en hem de 
“Shears c 
‘hance device late heer dc we 
ipeenim aren dy 

(0) Asad he 

(0) Tie of md dt 

(0) Asan dk playing eh 
Simulation nde Espa what wre wth 
tech he llorieg atone 

(a) Aki whet hw 38 cloned dt —18 yd, 
{hac and 3 poem To mala apf 
‘thes mene 0 8 epset te 37 
Tepe ck a 3804 pee pe 
(0) Abou 10% of US wl ae ended To 
irl dry slsting ce hase 
‘nll yu Bd widen ete dg Let 
Ute pect beige ad 

UW repre ig ight had. Maw acre 4 
{9 Tale Dy tigate, ip 
‘Sr thew cn peel wl po ad 
ier betene Vs 16 Record str 
‘spools aca. 


plan why ed and ak are 


Stihion dies phi chute ingot = 


th fe iioring vbartinn designs 
(a) According te he Center fer Deas Cental 
td Prevention about 25% of US alate wom 
‘hes in 200 sila homing Sade at 
fandom and sci how many re cboe we could 
Sete gt LAU brepeent coe a 
N60 petit wit chee, Mare acta 
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‘dul opulry recycle. To simulate coming wr 
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()terwesl pieced kee 
psc opt Wn ly 
(6) Ue eof arn dg babe pe 
for one pean Cop tho ig eau 
elgg area partes 
Tat joedeemined he matcues of he chance 
pty 


‘T1487 Qoo84 29077 146 6168S 47052 «2224 025 


(a) ts 100 repetition of he simulation, there were 
[Sines when none uf the 1 pasenges cho 
wu seated yt clam What onelston woul you 
raw? 


20, Serb te peo Sie cach 
tgp dene a eon a ty 10 
UHb Three oh, coca sd Mak 
Hein bg Catfish 7 er nd 
ime dnote ht after ees Wea 
{ne ton we the il tw happen 
ty etnwe 
(4) Sethe pein f net nn lame 
ol probably os 
(6) hw wml os mr de ae me 
Iepction othe pce) What wile wal you 
oe? 

(6) ethene of don hg ow to pen 
eee ne eee 
Maa Ueety ont shore he ts ho you 
dlr i oes he shane pone 


(994 D8577 19G64 GS44t Z0N0S GEITE TDS S380 


a) 1000 repetitions of the sation there mere 
{ines wher a He were wc, Wh eeneane 
‘rd yd? 


21, The biaday pol Wha cpa at 
in mnogo 3 toed pee 
‘ic ho he ta i? ad et 
‘omplom te unpliphe prebio FiweN 
Stree pny feb ety Send, 
Seren at edly dace po 
Tye beach he meng SE of 
eye 
(0) Ry an gp 
topes pened Wha bi el po 
(0) Ue eg pie 5 ptm Rend 
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(6) Would ou bere eth ete 
‘ctpmaby O71 Who hy a 
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Sethe A Maria colar 
“Sopneyuie ona ram show, nd ou en 
Sattinke sites tees Natal doo 
‘behind heather, pnt You pick a door, ay 
and de ht wh ino whats hind he 
‘dey opens anti dow ay 1, whi ar 
tpat Heys tayo, De you matt pck door 
Far ite yoo hein: osedch fom ce: 
Flow 


“The game show in quston was Lat Mal Deal 
se doe hn Monty Hall Hee’ dhe i pat 
Masher “fe; you should sth, 


“The fin dor aw» 15 cnc of wing, bt 
the second door ha «25 chance” Thome 
‘reales wrt Marty tn dupe wie 
sree Bate eld er god 

) Use am online Lt Mabe Det apt apr 
Seon tent 3 of he sation. Record 
nti yon stay a teh yoda abt al 
thet] andthe oom of ach repetition 

(0) Doyen age ws Marth ot it ean? Kain. 
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ict ther scoot wher they relly 
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{oul of talig 200 SRS of 100 sadn 
fppaiton Grice lve pope wh 
‘ery w 050, 


TS" tu cs 050 os 08 oe 
Pepoainn bey “Vae* 


(a) Seppene 55 add in the clan sample 
sy Ter Espa why this sem dean ive 
evening eden nes tha bal fe 
Shoot tident ree 

(b) Seppo sade in the cla sample ay 
a? ghia ya el ren ine 
(bate man ofthe coeds det cele 


1 Bowing th wing mts! Ameeksny__7. Caled en Be ee 5, Sope 
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{They sally Brosh withthe water off He 
Student in the ple would ned tay 


rovile eowncing vino that eer thn all ietemay bougit one Het for ert and ene for 
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‘he had bought Shou dhe be? Design aad ary 
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E rom 
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hal ewe dan SF fhe cod dens br thatthe company's cla tte? Design and 
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(2) ia vey re ner of ri de 
dines asiple moda 
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(e) None tthe 


52 Li i oi fe times andthe oom ore 
“TTT, then the pray tht appear om the 
neston 
(a) 0s. (e) pyar than OS (e) 

(6) few than 5. (0 
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What your estimate the obi? 
(a) 1625, 0064 
(e) 1925, 0076 


(a) $25, oe020 
(hy 1125, oe0.44 


‘erp, Wich tere ertes engeds 
‘gin histatins? 


(a) Odd = Yes (5 or more people; Fen = No oot 5 
sere pple) 
(0) O= Yes 1,2,3,4,5,6,7,5,9=No 
(e) 5=You01.23,4.67,8.9=No 
(@ Allfeee ate soe. 
{e) Chases and (c) arse ba ee ot 
57 Are yo fling stremed? (41) A Gallup Pall 


eer cen 
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In Section 5.2, 

you'll learn about: 

+ Probability modes 

Bas rls of robatny 

‘+ Twosy tales an 
probity 

ern diagrams and 
probability 


Probability Rules 


“The ides of probably reas on the fact that chance behavior fs prdictable nthe 
long run. in Section 5.1, we med simulation fo imitate chance behavior, Do We 
always need to repeat 3 chance proces maz times to determune the probability 
(of partcular outcome? Fortunate, the answer isn. 


Probability Models 


In Chapter 2, we sw that Normal density curve could be used to model some 
<dstbutions of data In Chapter 3, we modeled linear relationships between (Wo 
‘quanta variables with 3 leastaquaes tegresion line. Now wee realy 10 
‘develop model for chance behavior 

Lets stat wih aver simple chance proces: tossing coin once, When we toss 
acon, we can'tknow the ouleome in advance. What do we know? We ae willy 
toy tha the outcome wl be eter head or tab. We believe tha each af those 
‘outcomes hs probability 172 This description of coin toni ha vo pats: 
+ Alt of pouuble outcomes (the sample space S) 
+ A probability foreach outcome 
uch decries or pri dl 1 


Inthe baie vocab 


A sample space S can be very simple o very complex. When we lst a coi 
‘once, there ate nly two ponible outcomes, heads and fas. We ean write the 
UT}, When Gallup daws random 
sample of 1523 adults and aks a survey question the sample space contains all 
Powible xt of responses fom 1523 of the 235 million adult the county. 
‘This St extemely Tare. Each member of Slats the answers from one posible 
sample, which explains the term sample pace 
Lets look at how to setup a probabil medel fn 2 familiar sting rolling 2 
prof die. 


Roll the Dice 

Building a probability model 
trad ges mole vl sted 

Galera 


5 xcomes he lo cad reand th abr of 


‘area pst 
|) sptshwingn hep ces ag 52 othe pe dep hse eco Thy 
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nel mae hao aaliyah ote 
mt nb pty cc tes 


5 procens Talis, an avert is 
by capal tors, tho AB, 


Pr eeeareermeeeeay err 
sumac cence sacsearts 
oe 


Pps ponies cam oa Psat sat 5) = 
Ploot A) = 52736. Notice that PLA) + PB) — 1. 

[Lefs consider one mote event, which well cll C: sum i, The otcomes in 
cventCare 
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‘So AC) = 5736. Whats the probability that we get sum of Sor 6, that is, PA 
(FC)? Since these fro evens have no lcome in common, we ean add the 
‘Probables ofthe indmidual evens 

Pisum is Sor aum is6) = sum is 5) + Psum is 6) = 4796 + 5/86 = 9195 
Inter words, PA or) = PA) + FIC) 


Basic Rules of Probability 
nding ele el rele ay pb 


he prey of ay ent umber Oa 1. The bai of 
Sethe gn potion tpn a et 
‘oypporton is mane betwen Ot Icey oy as 
Std net eh ier one 
Teese ey a Aner occa ha 
etl thc ng eae 
* A pb ume mgte mt hae bbe wo wim Decne 
sane fant coment Eero rl 
‘Sic oomes tat be eect 
© al tener he onpl pacaoply e,he pb hat en 
Py baleen miriam 


aya timber comes Soot 4 
) = aT number of outcomes in sample space 
© the | ility that an event does not occur ix 1 minus the probability that the 
st vce noe ce 708 ol a ka nea 
‘Sever sos Th ry that on event cca he peta a 
hes ocr abaya a 10, or Thnx hy Pa 5) = 
Trt ce cxmple We fer ote no a he 
Complement fs dente RO A 

© ite eet hee mute common the ry thet oe tht 
Scr th mf rnp oe et ccc 90 
Sirah ied eet rer 2 ol is he oe ee oat 
pe ten oe othe ocr on OF of cl ah bea 4% 25 
Yop Wen io coats ove mone in comet ef te 
‘natn exh c na 


We can summarize the basic probability ules more conciely in symbolic 
Sor. 
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* Forany event A,0< RA) <1 
*1f5 isthe sample space ma probably model, FS) 
* Inthe case of equally hy tomes, 


Pay 


‘number of oulcomes corresponding to event A 
Tobi number of outcomes in smple space 


+ Complement rae: FLA® 


Pay 


* Addition rule for autually exclusive evens IA snd Bate muhully exch 
sive, Aor B) = PA) + PB) 


Hewes an example that 


aes we ofthe ae prota ules, 
Distance Learning 
‘Applying probability rules 


Dotanceleamsng coune ae tap 
Here pay gpa tin nilee feapirhap bent 
‘cure for eet, and record the sdent age. Here i the probability moe 


Age group (ym: 18t0 
Probability 057 ith 


301030 4or over 
on on 


row 
|) Showa th eginate ptaymadel 

(0) Fate prtay hth cose stad ein the radon eye a oop 
(1ote25 yeas) 
souunon 
(a) eprtabyoeach vce s menor etc dante probs oa 
a ‘he possess ates psaty model. 

Seams (07 Tree noes tds peat By shcompemet 


‘Moe 18t023 ers) =1— YB te23 ya) 


=057=048 
‘hat ig #57 ot tne rer ae 181025 yes hearing AD eet is 
sep 
ange adn ra rman ect re 
faa 


25 yas) = M24 ta 29 yas) + BO 38a) + MAO yrs oro 
=017+014+012=045 


For race Ty Exec 45 
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‘CHECK YOUR UNDERSTANDING 
CChome an American ait made, Define te eres 


A= the pena har choles lo o 
(lo above (hh 

=the pena rs hese ee 
(merge holed) 


liga po desir bond 


rl 


Accntng othe American Heart Anoition, PA) ~ 0.16 and 1B 


1. Explain iy cents Aad Bane tly exclave 
2 Sepia 


sate cent A Bi What a A or Bi? 
the event thet te pr shen hsm clea (below 200 mp), 
whats NC? 


Two-Way Tables and Probability 


obit involving two even, a two table ean 
duplay the sample space i away tht make probability ealeulations ease. 


Who Has Pierced Ears? 


‘Shidents na college ttt cla waned to fn out how ecm 
{tis fx young alls to have thr ea pred. ‘They recoded data on 
‘wo anles— gener and whether the stent had a pero ear—for 
1117 people in the clan. The twoway tbl low dp the dats 


{TORLE Sppsene hoses othe radon the 
pesmteyaar tesa 

(i) hepa 

) amen pocas 

(6) meet porate 

SN Wend ets ema nd B pleeare 

(a) Sceecotte 170 stants the cs aay beeen dea 103 
Suds peradens Miporseas) = P15 108178 

(0) Newer? ipa} Fa Liga elect 
{Re Ma wa eet ae ate 1a wh perce ea 
ead) = ani) = 197170. 

(@) Revng ae beeeadi ea rpcaleas) at Fe ee thematic 
‘Seotthenonrhre—the procera msc orepercel exortth From he 
eae ese sree De thes 2A) — S078 Cat ad) 


"The previous example revealed two important fet about finding the prob- 
ability P(A or B) when the two evens are not mutually excasve. Fi, the use 
ofthe word “or” in probability questions w diferent fom that in everday life 1 
Someone says “Fil ether watch a mave o go othe fothall game," that usually 
‘meas theyll do one thing or the her, bunt both In statis, “A or B” could 
‘mean one or the other or both. Second, we cant use the addition re fr mati 
allyexcasve events unless two events have no outcomes in common. The Ven 
‘diagram in Figure 5 shows why If eens A and B ae nor matally exlune, 
they can ace together. "The probability that one or the other occu s then les 
tha the su of ie. A Figure 8.3 lusts, outeomes common 
to both are counted twice when we add probablitis. 


sei 


(Cameron 
‘Seno 
Goro 


rr 
Ratan sar 


“The Ve gga ala age how oi thi “doubl-coning role: by mb 
trating the probably PVA and 8) for the sum Tha is, 
Aor B) = PAA) +B) ~ PiAand B) 


“Tis intuitive result © known a the general addition rule, Let's check tht it 
‘works forthe pirces-ars example. In that ease, PLA) = 178, FB) = 1087, 
1017S. The general adktion rule sys 


Play + FB) — PYAand 8) 
‘9078 + 103/178 — 19/178, 


= 178 
“Tis matches ur eal resalt 


PAorB)=PA) + FB) —PAandB) 


Section 5.2. Probability ules 305 


What happens if we us the general adion rule fortwo uty exclusine evens 
and ? In that exe, PA and B) ~ 0, andthe formila reduces to PA or B) = 
[.A\ + PB). nother wort, the addition rule for mutually exclusive evens sus 
‘special eae ofthe general addition re 

“You might be wondering whether thre i alo a rule for finding P(A and B). 
"There, butts not quite a nine Stay tune fr that later. 


‘CHECK YOUR UNDERSTANDING 
‘aman desk of play card wih jes remove) const of 2c in or ss — 


FAGURE 54 Vem dagans 
‘oni (a) ort Aarts 
‘ampere 
aly excise (pe art 
Aiea 8 


Her m9 ese 
on agi rh 
‘oi Pena 


GUNES Vem dag 
‘Fong be arse 
a) Benen teers A 
ane 


(ity donc bent Siged Each cachet dominion a2 3, 
5.87.84 10, ack gue arg The kg, Kia fer ce 
‘ita tnt wee deo hh del one an Lede ee 
‘Rsting ac edad pein seat 


1. Make a wosey tbl tat plays the sample pce 


2 Find PAs 
4, Explain why FA or B) = PA) © PB), Then we the pene addition rule wo fd 
Pidce) 


Venn Diagrams and Probability 

‘We ave aleay see that Vem grams can be wet tae the sample 
‘pice os chance proce Beeate Ven dag have te oer rate of 
Trathemate, se andar yoabulan and miation hav ben developed 

«We intodiced the camplenent of event eae. a Figure 5:4), he 
Conplcmen contanriat) teen Gatien. 

4 “The event A and Bin Figure 54h) are mutual exclu dn) because 
‘hyd at ener ha cy have tern como 


1 © eS) 


* Figure 5a shoes the event “A and Yow cat ce why this event alo 
called the imencction ofA and 8. The corresponding okation i471 B, 

= The event “A oc Bf shown in Figure 5.5) This event i alo know a the 
‘union of A and 8. The conesponding notation fs UB. 
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Who Has Pierced Ears? 

‘Understanding Venn diagrams 

In the preceding exemple, we looked at dts fom a survey on gender 
and ea piteing for 3 ae gpoup of clleg students. The chan pro- 
fen cate ftom sclecting + sudent in the elas 2 andor. Our events 
‘of inferest were A: mle and B- has pierced eas. Here the two-way 


{able that summarizes the sample space 
Piored Ean? 
Ce 

a 


Wow would we constrict Ver diagram that plays the information 
nthe moras table? 


URE Congas on aa tae 
Godt cara Nec nove 
Graietemedatamenten 

‘The out dtr inte Vi aga hs a Fig 3.4, The 

Inga compen ts tc th fay le Wa on debe it 

Stopes mts fw ore 


Region 


\Wehave added the appropriate counts of tdent tothe four regions in Figure 5.8 


With thi new tation, we can rewrite the general adition rle in symbols as 
FAUB)=RA)+ PB) RANE) 
“The flowing example eal this tosther 


Section $2. Probability Rules 307 


Who Reads the Paper? 
‘Venn diagrams, two-way tables, and probability 
apariment complex, 40% of resident read USA 
Ooh Reese tie repel 
Fog Sopp nec el hp 
pele ry ee 
feo the pena seas 


(9) Matta tale ht dps he sample of is cance 
pss, 
(0) Consacta ven dagen represen the comes hs chance 
— 
(eh Fade pot ath prsnreads at lest on feo apr 
(a) edhe poate perso dost rad eer ap 


"IO We dee vr A res Sada 8 rea No is From eprom 
statement, wnow hat FY) = 040, FR) =0.25,an4 ANA) = 005, 


‘aeaas USA Tory? 
Reads New YornTines Yeu NO. Tota 
» em) mem 
som) yo OHH 
a soy) coon) 100%) 


(2) Yomate theca sin es supose thee ae 100 eet i 
‘he garner comple rng rele curs eaethat 
(2.40100) = 40 res ad USA fy. 025100) = 25 adh ow 
Yet ime 840.5100) = Sreadethpaprs. cat ners ae 4 
(40 athe tall theYs" cn, 25 (25) as thot the" 
m5 (Sete Ye" cel. and 1001007 athe raed atl athe 
‘aay tae shown ere Tiss senna lint empty 
also ea starting oth the sinful "N00 — 25 = 
‘75(75t)anithe mien cm ota "he (100 — 40 = 60(60%), 
1 ara. cn rine sng amber tes (25 — 5 = 
'20[20% and the"Y etme (40 — 9 = 35) Mate raster 
He Ma eal 
FRGURES7 Vemncagam 0) Fie 5.7 stows the Vwediapam tat comespons othe complete inayat) 
Song teescens fan (ether seid person reads at eo tt apes hear sh ens USA 
apatmantcoroa wc A Tad het es rb papers Bethe the sama eer AB Fao 
tend USA icy ard Bea aig te emda ortega eho 


{te Nero Times 
ALR =RA+ BMA 
=040 +.025-005=060 
‘Sothern 60 cance hat herald rie eds a eet one hb ge, 
(2) Froth tne mya dag Meads ter ipe =F 8) =040. 


@ 
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Inthe previous expe, the event rea neither paper” isthe complement of 
the event “fads 3 east one ofthe papers” To solve part (2) of the problem, we 
could have wed our answer fom () and the complement rue: 

reads neither paper) = 1 — Prcads atleast one paper) = 1 - 0.60 = 0.40 
‘As youll se in Section 53, the at tht “none” isthe opposite of “atleast one™ 
‘cumes in handy for variety of pbability questions. 


Summary 


+ Apt motel docites cance bs ying the pole 
ine trees Bal hg pel Beh 
‘come ean 

+ Anevent asic the pombe ucoms ina hae proceso 
Gnd he ebay that nee happen we at cose Be 
probably ree 
S rorayeentA,0-< PA) <1 
SRS) Iowbe S = he mpl ace 
alltel pce te cpl May, 


(a) tmbe of ouorns corresponding tent A 
tot number of onicomes i srple space 


Complement rte: (A®) = 1 ~ PA}, where APs the complement of 
event A that i, the event that A doesnot happen 
1 Addition rae for mutually exclusive event: Events A and B are mutually 
‘exclusive disjoint) they have no oatcomes in common, A and B 
sre dont, PA or B) = yA) + PB) 

“+ Atwouray table or Ven diagram can he tse to dapay the sample space 
foca chance procest Two-#ay ables and Venn diagrams can alo be used 
to ind prbabiisivebving events A and B, ie the union (AB) and 
Intersection (AB). Te event AU B (‘Aor B”) consists of al oulcemes in 
vent A, event, both. The event AN B (A and B") consis of aatormes 
in both and & 


“+ The general addition re can be used to find PVA. or By 
AUB) =RA) +PB)— FAN) 


». 


Exercises 
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Soult ane PR 
“Taming cate Ree Eee. DSi 
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(2 Rll dc descr th oot 
pay ts Ra 
o 
(0) Chesley ak t ar deed 
(Pode on coat tite Rf lc 
SSE ratte 
4, mle pte 
{c) Dea cad mn shale ees ab = 
{252 Manna) = 1282, Peat) = 2, 
Pi) 1052 
Alling de The ing edges 
front pesky ee lng Ween 
Ceo ed eaten pti 
hcl beg i gems Bove 
be tekchu nt bgt That a yee 
Shey he res Wich gid A 
Ie bn coe lth gia ea pan 
cutee 


on the 
Pa) = 1, 
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ww 


{loed ype All home od can ped mone 
O-RRGAR bri drt of psn 
‘hitter Hee wth ran eH 
fected che bck Amram 
ano 


om 


(a) What epi of type AB Hla? Why? 
{) What a robb thet the person hme 
doesnt have tf Al Bend? 

(e) Mara pe W Mood She ex safely ese 
‘ood tenor fom people wit Heed pes 
dB What de probably that rnd sho. 
fm black Armrea can dol bond a Marc 


angen in Canad Caan fel 
(ego Eagan ack Chace Conan 
strand ad dk, “What ont tir og” 
Fac te cope egy 
page ed le 
ae ES Ret iS Oe 
Ges om toe 
(a) What peaiy-dha rpaee “inthe 
‘Sebati Wi? 
{h) What he abit Canad ner 
padhsesierr irr) 
(o) What the pobbity th Canaan’ ther 
petbeesirenlssonre reer er) 
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7 Becton al home sung, 


— 
elt (aged 35 tr 9) a tds The probaly 
[SDL Bal the poe heme id wo Complete 
High scr 027 ht te peso bw gh chad 
iplrn bl ether clacton we 50 te 
enon haat ea «bachelor dep 


(6) Watt ply tht erly cone 
Frmpehh heel eetobigh her efecent 
Wisk a obit i yn eb id 

1 Preparing forthe GMAT A company fer 
tenn rps bee Gch Mange 
‘nent Admin Tt CALAT ha he wing 
Inraton sa s usemce 1 we erty 
Sindee den Bnnen 5 an de 
pute dens oes eld of wy we 
{lege pd wo we cert empoesd 
Sita eller alae wl end payed 
(betes Lore acs 
(4) Whats the poy the oer 
‘ey under? Which eof poaby 
Sayeed he oer? 

(hy, Whats the py th oer ot 
eae bre en? Whack ak 
ania yerscbiedaecenret tT 


‘Who ents brshfiat? Shents nam whan schon 
‘ee caro about how many chile realy 
fal nef They conducted survey, ky, 
Diyos et balan om a repular ba” AN 595. 
student inthe choo! rope ete rey 
The resulting data ae show the twa abe 
bn 


seater The rosy tbe blow dbo: 
Semonicr ofthe US Senate arecet yar 


faces 
(a) Wi ar the nda? What varies re 


‘dlc ft he be wheel anode ball 
‘equ lh wel any th reed sf 
fa wel nce Deine een 
1 ck sw al land neem 
‘mime dt (Tet and an en i) 


(a) Make roy tbe that dps the ape 
spate af ret Bd 

(by Fad PB) and RE 

(e) Deere the event “Band Ein wor The 
(Sed AD aE, Show your wen 

(a) Esplin wy PM or E) = PUB) + PE) Then ie 
(he genera abten ee compate PB or Ev 


Playing cade Sales stundand deck of playin 


ede atd dea one card Dein vei pln « 
ak and gaara eka 

(a) Contract trosay tbe tha describes the 
ep ger ee fete 


(©) Find FU) and PR 

(6) Deseret bent and Fi works Then ed 

Pf and 

(a) Kaplan why PY oc) = RI) + PAR). Thee 

‘he pete addon les compete AJ oR 

Who ate eat? Reb Ene #8, 

(9) Cont a a ashe 
pret ig nt cats ean 

paler 

() Find FXG 0. erp ive omen, 

(6) Find BE A) letersi eon 


Sampling senator: Refer Exch S0 
(4) Corset «Vn dag tha ode he 
‘hance proce iy events Us Republican, and 
Fier 

() Find RF), Epes in ent 
(e) Fd PREF) ert his ae coment 


cee ei con 
Reb St Upurea a 
both Suppo we ket cle ent ldo, 
(0 Ana ha he 2 lion 

Stade ne ey ee rh chan fren 
(8 Cont «Ne a repr tg, 
{c} Ce tet tha he oy heel 
‘elegant hs pl pic re a 
‘ithe woh We thn ek nba rm 
hl le een of ihe a yo che 
(a) Fn he ply een deed 
spain yur tod 

Mace PO? A mec cna jet 

fel A fe cr omer 
Sicimcompuien McTroy ne 
PG Mie time the comm 6 ofthe chal 
“ene, Toe ne 
‘et athe coin 29 

(pala des bo i tt ye PC 
Lareenreny seteetere = fret pon 
Frey seer anr eeepee  ev 
(o) Anning hat tee wee 100 steer he 
So eu oy fer i cance pe 
(8) Contact ern aga proc ha, 
{c) Come ti cet ta ie del etl 
poferrepirarer ire erie ao 
ope ere rarer 
‘cotta you hme 

(a) Fide pti of ec event deed (6 
—— a 
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‘Mail hie Seat the bet enmer for Execs 57 
ea 


Ie germ dete «boucheld cmt fll 
‘corapantofs ding unt. Chow an American 
ema at rom ad eount he amber of 
people coma Hee te aigoment ol 
Pests fr yor team 

Noted TDs a eT 

Prdubiiy, 025 052 7777 O07 00 OO 

Ss howehold 


058 (9.016, (a) 048, 

(6) between an and we ay no more 

{a table of undor dis sch Table al 
somali ob wy, 1,2, 3,4, 5,6, 


rk What nh ry a ih he 
fering aie 
{71010} 10 
00d) 310 

59,“ ple 25 aden yy ae 
Sook Gre pace Sette do, 
Sato th sd Beat ther Che oe 


lie ear son, Wa ee pol 
Gitaroo cdot Gateceer? 
()A278= 003) ADD=04 fe) 1 
2027500 (4) 05 

Theol Ido lg to de. 
Hoe nto gamete pas ok 
Ihe veenben os he upc when te de elle 


Ge Pens 
Seo aT TTT 
iba epebeaid arr es 
Terese teem 
a 
Uacguciawe 
San ies 

el aces wena crea 
ean Sian 

(inertia 
Seperate erin 
oe 

Sieber er epee 


rol (aman sic mene afer bith) Data were est Aha he rim Bete 
Tested rm pret whe brush Hor bab tthe ‘oro cage trmpeture Wn do yo concade 
Une of Dee Init Sty Cee pars prema tpareil 

ee cerca ees ieker Ber ce 

The i mora te ape at whack cd 


$2 Tatng here ety 2) Fre fe 
leet epeecelemaeerneoer 
aria ately ea 
fase yore sbrairderharety yale 
Elicina Veeder tae ahr 
perpetrate 
‘esd cop ce a ad ot et 
pas eel vor Oleg eon never 
ce ees Saeetig teedeeicleen Tierepere 
Seem mete sree patria ecclesia 
se rece pag efor 
Stetenedr eee cfen a tect 
Tees! tin epee di 
‘penne open har he oper de 


Teint (208 boy and 206 ps 
necks and nemre 
"he mom Ha 


o 
5 
2 
o 
2 
2 
2 
= 
= 
z 
a 
a 


Conditional Probability 
nsecins3, and Independence 


¢ oD leareshont: 7, we to an event can change if we know that some other 
at wot ct neue Tides sty nay spt of by. 

‘probability? sas ere, 

Condtiot potstay What Is Conditional Probability? 

and independence ‘Let’ return to the seins of the piercad-cas example (pay 303). Fare, we used 

‘ee dagams andthe the wows ible blow fo find probable cing eves nae Ba 

rw mien dca any led et Hr ayo 

me ru 


Independence: Apel PA) =Ponale)=9075 RAT B)= Pale and pierced ean) = 19178 
sulplnton mie malo pcre ean) = 174/175 
Cetin eons 


[Now lets tr our attention to me other interesting probably questions, 
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Who Has Pierced Ears? 
The idea of conditional probability 
1. if we know that 3 randomly selected stent has pieced ea, 
hats the probably tht te stdents male? There ate atl of 
103 stents in the class with pered ears We ean esti our a- 
tention to this group, since we ate tld thatthe chase student has 
peveed ean. Becatse thee are 19 mals among, the 103 stents 
Ith pcteed eas, the denned prolity 
(sna gen has pered eas) = 19/105, or about 184 
2 tf now that randomly selected stants male, wha the prebabililythat 
the stent has ited ea? This ime our tention is foesed onthe males in 
the elas Since 19 of the 0 mals inthe clas have peed eas, 


hax pleted ean given is male) = 1940, or about 21.1% 
"These two questions sound alike, but dheyte asking about two very diferent 


Ho e@ 


crete een eee 
Siigeecr cams asc a 
irre cen areas es 
Seca eee mes 
Sinutedva tetera ilo Pong 
SEAoah coc amatentareen 


With ths new notation available, we can estate the answers to our two previous 
quoter 
PAB) = 197103 and PBA) = 1980 


‘Notice thatthe conditional probability PA |B) = 19/103 is very diferent frm the 
‘unconditional probability PA) = O78 Aboot half ofthe stents in the clas 
‘az tal, but fr fewer than hal of the stents with pierced ears ae male. Abo 
‘note that FY |A) = 19°90 smack smaller than PB) = 103/178. Over half ofthe 
students inthe class have pierced eas, but only 19 out of 90 males in the clas 
Ine pierced eas. 
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1s thae 2 connection between conditional probability andthe cond 
tonal dstbutions of Chapter 1? Of come! Fo the colo tities clas 
that we wee nt cening, Fapr 3) shins the consol dro of 
‘pling an reac ener Abn, we fn hat Fpteced em | re) 
Sor abn 21% Note at Pipe er | female) SY, Yow can ae 
tee sins planed nthe Yor ban of Fe 38), 
© _“Pegwe 55 shms the comtiona dstrbtion of gender for each ar piering, 
star We cane at Fae praca em) = 19030 abot 18, and that 
male ne peed en) 717%, or abo 99 


(CHECK YOUR UNDERSTANDING 
Stadt a the Uren of New Harmony received 10000 cos res a sree 


The tesmny bl below bres dow ewe pes by which school ofthe winery 
lau hermes The chan ae Liberal Aes Eaginceng end Pye See, 
Health ond Haman Sere 


‘Grace Lee 
‘scnoot 28 Beow 
Caer he tee ae 
egmengeerwca ices 3 cm 
feemechomanserees at 


(Tae ables hme nels om grade drat ata ata une, spied it 
Feet 

“Calle ce ten to ewes neering ard the pial acknce (EPS) han 
eral at and el sence (wc snes Healh and Human Serie) Comer 
the tre eens Eth ge comes fem an EPS ous, and Hegde omer ha, 
1. Find PL) tere hia probly in ete 

2. Find RE Land PLE). Wich of hee contin prob tel you whee 
‘Riceleys EPS dents nd era owes re en sade in eral arta il 
soe Eagle 
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Conditional Probability 


and Independence 


‘To gt better fel for how conditional probabil wos, let’ rehur to two 
fant setngsnvaving chance behavior losing coins and sampling students 


Coins and Pierced Ears 
Understanding conditional probability 
you tou fait coin twice. Define events A: ist fx ahead, and 
second font 2 head. We have already establahed that YA) ~ 1/2 and 
V2 Whats PB A Its the conditional probability that he second tow ia hea 
thatthe it os Wasa ead. The cain hat 0 memory, PD) |A} = 12 
Sag, NA) = FB). Knowing at th it om wav ea does ot fect 
the probably thatthe end 
Eran eeeanenan ae eae os let 
Nateme he chance pocen toed pretend 
lege clas. The events of interest were Ais male and B has pierced ea. We 
lead found that P(A) = 907178, PB) oar and uted two 
now that the chosen siden male, the dear 
{T1990 cononl pebeiay hve dere ome he cena 
‘probability (8) 103/178 that a rade selected student from the las has 


In the preceding example, we observed that P(B | A) = PB) for events A 
and B in the coimtow setting For the pierced-eas scenario, however, P| 
AA) = P\B), When knowledge that one event has happened doesnot change 
the Iiksibood that snother event will happen, we sy thatthe fo events are 
independent. 


"The idea of independence i pretty straightforward. Determining whether two 
‘vents tela tothe tame chance proces are independent requires sto compte 
‘Probables. Heres an example tht shows what we mex. 
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Yeumaginan pt, 


THINK * 


ABOUT 
It 


Lefties Down Under 

Checking for independence 
Isthere 3 reltinsip between gener and handednes? To 
find oot we med Cans hSchonls Random Data Selector 
‘to choose an SRS of 80 Australian high school students who 


(ORL. Arete rents land" unde Idpedet os- 
yee ame 

SOUT chat eter tem vets ae ndepennt.wendo ewethrbovtat 
eves append ects the rosy hat heh ver Sapo wae od 
‘at the chosen stdet male From theo yt, Ade | mae) = 8728 = 0.19. 
‘hexanal roby Fetal) = 7/50 0.14 hase a robbs ar cove et 
‘seyret a othe vente mn" nde ae at epee 


Ore: 9 


In the previous exmple, we could have alo compared Pimae | left handed) 
with Pimale) OF the 7 lefthanded stadents in the sample, 3 were male. So 
Pimale|lefthanded) = 377 = 0.43. We eat sce from the two-way table that 
Pimale) = 29/50 = 0.46. Once apsin, the teo probabilities are clos, bit not 
ca 


Is there a connection between independence of events and association 

on two variables? inthe previous example, we found thatthe events 
“male” and “ef anded™ were mit independent Docs that mean there scaly 
‘nareltionaip between the aables gender and handednes im he lager popo- 
lation? No. The datz are mich more consent with there being no astciaton 
between the rarables ft would be siping to choowe a random sample of $0 
students for which Pietended | male) was exactly equal to Ple-banded) But 
these two probabitics should be clone to eal a they are in his eae) there 
no ociation between the rariables How claw f close? Yoo have ta wait few 
chapter to find ot 
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(CHECK YOUR UNDERSTANDING 
For each chance poses below, dicmune wher the cent ae sndepener, fai 
_—— 

1 Shales tnd deck of candy and ar ye the tp cad Putt ck in the deck, 
sae agin rl tem ove rtp end Dei eens Ac Bt end in het, ond 
womdndnchent 


22 Shea tandard deck of cade and tr ve the lp nec, one aa tie Die 
‘rentA Sot card ae and second cd ea beet 


Tree Diagrams and the General 
Multiplication Rule 


1 you tos fit cos tice, whats the probability that you get to head? By 
the reasoning of Section 51, its the proportion of times you would get HH i 
you towed he co nes over and ever and over again. We could perform 3 
‘mulation to etna the te prbability. Using the methods of Section 5.2, we 
‘would take aeillerent appecach to aewering the question. We begat by sting the 
‘ple space for thin chznce proce 


mor om or 
‘Since the rel of one cen toms ndepedent fo the rest of anyon, the 
*Fntcomes in the ample pace are el likely So Pwo head) = PL) = 1, 


Tee's another way to model chance behavior that solves a xqience of 
‘oulcomes, like tong cons. Ws called 3 tree diagram. Figure 59 sbi tee 

foc the coining scenario, Ale the fin on, there ane only wo pole 
res —heads (1) oti (7) —each with probably 12. These yo posses are 
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shown on the Ifonast branches of the tee diagram. Pom there, we loss 4 second 
time, whic reulls in ether an Hf or, again with equal probably. Tis puts us 
on onc of the four “nodes” beneath the "Second tos” abel on there gram alr 
two oses. 

‘Whats the probability of geting heads, heads? We lea know is 1. Do you 
sce how we can obtain that value fom he tee daram If we rll probbli- 
‘ies along the tp beanches, we get 


“This same genera strategy will wrk even when tra ae not independent, athe 
following example lars 


Picking Two Lefties? 

Tree diagrams in action, 

ent w MTA Sites dn fa he pcaing hk ot 
Yanan (page 317) The o-eay table owing fe onde ad Handed 
owl Be slash cl opened on 


‘Gender 
Mandeoness —Femsie aie 
Ue a 
oat woos 


PLOOLEN Seppo chine a tare don. 
(a) rmeatree gran ht show the cmp pce for tcc as. 
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() tegen anes td heey rhe sat case ad yr 
{Bescon up bch ht es he Ps 
tis) = sind yan ad i ty) 
‘=U stl iy nd sade ey | 5 sade ty) 
<3 

=f F008 

‘ee see 6 afro Scie 
Qa, 


This ide of multiplying along the branches ina tre diagram leads oa general 
‘method foe finding the prebablty PVA" B) that two events happen tether. We 
‘urmplyeuliply the peobabity that event A happens bythe probably of event 
happening gen that event A has happened. n synbels, we wre 


AA. \A)- FIBA) 


"hs formula knows a the general multiplication rue. 


le 
ANB) =RA)-FB|A) 

where.) he contin that eet B accu ge ha 
eee r= 


{tn word thin rule ay that for both of wo even o cer, fst one ma ox, 
cand then given that the fin event has occured dhe second rust ace. This 
just common seme expened ithe Languape of probably at the following ex 
sample Mitraten. 


“The Pee Inferet and American Life Projet fads that 3% of teenagers 
(ages 12 o 17) te the fer, nd that 35% of online tors have pote a 
role on s sci octwerking it 

"ROSEN Wha pec oes rong adhe posted prof Explain nhy yur 
evermatecsne 


AUTON Weta ne] ~0.9 md pee 0.5. ge 
pentane 

in mee Roi) Fete) 
0359055) =05115 
oe Sta tanh er dtp seer The 
‘oni cles cept ot a arb apm te 
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robablty model with several tape often require sto combine several ales 
into a more elaborate calculation. Here's an example 


Who Visits YouTube? ke 
‘Tree diagrams and probability calculations 
Videoshaing se, led by YouTube, ae popular destinations on the Internet. 


Leslok onl at al tee nen, aged ad on About 27 fal te 
tne wers ate 18 to 29 yeas old, another 45% ae 30 to 49 yeas old, and the 
temaning, 28% are 50 and over. The Tew tntemet and American Life Projet 


finds that 70% of Internet users aged 


18 to 29 have vised a videosharing se, 


slong with 51 of those age 30 to 49 and 26% of those $0 or older. Do 
mont Internet wsers vat YouTube and iia ste? 


‘STATE. Wh pret tal add etre ist le star test 


"WME atta yeni the gen percet a obese se 
nena at anion. 


Moye 18429)=027 Mae30%048)=045 Mat 20s) =020 
‘Repe ck rp t esar e  c pae 
eos 81629) =0.70_ Raye ae 901648) 051 


Pies ys age 80 ad te) = 036 


Wena adhesin pba Foe) Mang ae dat hel 


a rr 


[only a aaamnlaes 


FIGURE 514 Tee dagam er 
(i oth erat ang ino 
shang ses uch sib 
‘The tee dopo ie 
uae a en a rit 
Uv iec snag tos 
seeded. 


00 Metre arama 11 egies th gnats To 
theorist tar gh weed gone mtipeioe 
‘ue Forstance the pay ts snd chon tre 
(san 8-129 geal wove ara esis 

‘iB t229.ndde ys) = 10129) dese | 191029) 
1274070) =0.1880 
‘ve poi apers tendo thetopmost ach 
‘Three jt pth twat ne frac fh tre 
aj qrop Ths pth oe cledredin Fie 5.1. Bec the 
‘tee ata jt. he pout aad interne ser 
vistevdee shag sess thsm of heroes. 

‘des ys) = (0274070) + (045}051) +-(026)0.26) 
1080 + 02295 + 00728 = 0.4815 


CONCLUDE. Abe Atta at eter eased ze sharing se 


For Praclce ‘Try Exercise 83 


[ttakes longer o explain 2 tee iagzam than t docs to use i Once you have 
‘understood 2 problem well enough to draw the te, the ret es. 
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‘CHECK YOUR UNDERSTANDING 
|Neompus compart bes deep and pep compute a frei dhe aes 


(Colne, Ten ad New Vrk Te Califone cary proces 4% othe companys 
‘supaten, fe Teun Scr mer 29%, and the emaing 59% are maaacaed 
‘New Vr. Ofthe comptes x Calor 7 ae laptop, Of hed in Tea 
sd New Yok, 70% an SU, eopectey a lpg ll ampere Gn sipped io 
{etn cnt n Moar toe beng a oat ates, Sappene we lel som 
pcr a ncn we he dre cee? 

1. Contr tx agra eproe i tion, 

2 Find he pebabiy tat the computer a pip. Show yout work 


Independence: A Special 
Multiplication Rule 


‘What appr the gnc mutilation ue the pci cme wen eens A 
nd Bae nepeodcnt tn ha eae, RB(A) = PB} We can simplify Ue pened 
teuipstion rl = flows 


ANB) =AA)-FBA) 
=A) RB) 
“Ths oul known 2 the multiplication rue for independent events 


[Note that this tue oly spies to independent events, Let look at an example 
that wes the mlpicatom rle for sndependent events to analyze an important 
intone vent 


The Challenger Disaster 
Independence and the multiplication rule 
many 2 188 Spee Ste Clg pled oy hel on 
tem member wee Hild. Felling the dnc, ack snd attics 
Indpod safe what went wrong They cermined thatthe fae of Ong, 
{rts ete ies beets ws b ame, Ut tolerant 
Ey. epert ema athe roby ha a inl O-ing font tld 
Sto propey wa 1977 Bat there were kof ese Oring fay anda 
Td uncon pope forthe sto ach fel. 


OREN, Asuning at ges succeed otal ndcpedety dhe probity he 
esiidlnnh tty dete one 

‘Sule Fethsheeelame say. sitO-ny ets etc pop The ace 
tas stapes 


322 CHAPTERS PROBABILITY: WHAT ARE THE CHANCES? 


pi 1K et 2 et 3 de 4 adi 5 Odo 06) 
Byteman ret depen es spotty s 
‘ip 101 Mp 20) Fs 308 Fe- 408) sit 58) Fe 06) 
=(0sT@37T(0377T/03770377)0377|=087 
‘hrésan0 Echoes th sien say der sanctions 132 
tanta we) 
Note Asa elf the statisti ana fllowing the Challenge disaster, NASA 


‘made important safety changes to the design ofthe shuttle’ ester rocks. 
Fo Prac Ty Exec 89 


“The neat example wes the fact that “st leat one" ad “none” are opposite 


ig pay i 
ing the of “at least one” 
Many peopl who come clinics to betes for LH, the vrs thal eatses AIDS, 
dont come bac to earathe fe rests. Clinics now ue “apd HIV test tha ie 
2 rem wile the cht wath tn cli im Malan, for example, se of pid es 
“creased the pce of clients who Kearned ht te eel mn 67% 1099.7 
“The trade oft fa rel tha api te at lew acura than ower labor 
la pet para lip 
buy aboot 004 of preci fab postive thal, of fabely tai that 
dies ae preset 
STATE Wace 200 people et arts hat tht cae a a east 
ete psteiecet 
"7. beso asame st het rs ret id rede. We 
tar 200 meee es cc wt bay 000K “A ast on cons may pose 
utc beer eee at 

tian pst) 1 — eopstnes) 


(90 Wend posi es. The ty ta eget rest ray npn 
10.004 =0996 i tashe prety hi 31200 ppl ered he nt esse 
npn 


CONCLUDE Tepe gree tae 1/2 hat et ofthe 200 pol eect poste 
(or mY, etek cones 
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"The mulpicaon rule (A and) — P(A) PB) holds fA and Bae 
oat not therwine The addon rule PLA or B) = P(A) + PB) 

holds Aand Bare matualy eclaae but no otherwise. Resist th temp: 

tin to me these ple rales when dhe contions that asi thes ate not pest, 


Is there 2 connection Between mutually exclusive and independent? 
Lefe start with a new chance proces. Chooe a US, adult a random, Define 
‘event Ath penton male, and event B: the petion pregnant. Its pty clear 
‘that these two events are mutually exclusive (cant happen together)! Whal about 

2 you Know that event hia occured, doe this affect the peob- 
bli that event happens? Ofcourse! f we Kew the person fale, thet the 
‘chance thatthe pero prog 0, Since PB A) = P{B), the to events ate 
fot independent Two mutual exclave event ca never be independent, beease 
fone event happens, the ther even is guaranteed not to happen. ° 


‘CHECK YOUR UNDERSTANDING 
1 Daring Weld War le Rts and that te polity at bomber 
remy ation on « minon ner scoped Earp was O08. Amin het sions 


2 Goverment that 9 fe a ale elle ater ane at 3 of 
salou 5 or lder Sere (OU8(030) = O24, cam we concede that aot 24% 
(Wena collages 35 or older? Why or wy ta? 
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Calculating Conditional Probabilities 

If werearange the tes in the general muluplicaton mle, we can get’ formula 
forthe conditional probability 8 | A) Start wa the general malpiation rule 
)-PuB|) 

Divide both sides ofthe exution by PA). Ths yk 


‘We can itch aids ofthe equation to get 


RAnB 


raja PA 


A= BAD BY 
a PAY 


How's an example that artes the wse of his formas i ana sting, 


Who Reads the Paper? 
Conditional probability formula 


tn Section 52 (page 307), we casi the residents of 
thse onthe events A reas USA Taday, and 


"The completed Venn daram i repaced here 


ead the et we? 


EXAMPLE 
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smceF 09-005 iM) =040 sete 
M6) 4)= 995 = 0.125 


‘erdsa122%chmce tat rade lcd sen hs ads SAT ead the 
Nn es 


Sometimes we ate inereded in computing 2 conditional probability that 
amounts fo “pang backward” ina tee dagram. The following example shows 
how todo that 


Young Adults at Video-Sharing Sites aa 
Conditioning “backward” in a tree diagram a 
tan et expla 520, eked a ht al er we 
‘aroun al vdeosharing ese YouTube. ‘The te gam 
female br tapstomny Loh = 
‘STATE Wapato ua ero shar 
secareged 101281 

7. pray age ate cod pba 
129 | dey) Ute re arm ad dete can 
rey 


08 29 an ey) 
10 29a ym) = "OP 
50, Ln. hr gam deh im te ered 
rbaes 1s 29 aves ites veg 
‘tev ranaatc te dram So 
eS “0 29 a ss) 
10929 ym = "OE wn 
1000, 
21080 _o3e47 


CONCLUDE: Abe Ota abs whois vt stars baa 1B ad 29 ees 
Compare he onions pony ws the gal tomate nono ht 27D abl 
lear ar bars 18 ud 23 esl Kawi tat posits le tari Stes 
“serach ronson ht he or eyo ohn dete a hee ets eat 
naps 


Lately it scems that weve been hearing more in the news about athletes who 
have tested poutine for performance-enhancing drgx. From Major League Bate 
hall, tothe Tour de France, to the Olympics, we have learned about athletes 
‘who took banned sibances. Spots at ll evels now have programs in place 10 
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tes athletes wrne or Blood samples. Ther’ an important question about drug 
testing that proablty can help anawer- fan alee tests postive fora banned 
substance, did the athlete necesiy atlempt to cheat? 


Athletes and Drug Testing 

Conditional probability in real life 
rt mort 6 24 
cet or 
Saas 
ees 


tests oathletes All modal winners were tested, as well 3 
other random elected competion, 


Suppose that 25 of athe had actually ten (band) 
oo Lipton pefct Someties the testy that 
yah pt ee tay 
‘Sli fe pre veal Othr tiny, the dag 
Sy a aslo bt he se aay ‘ek 

is weal ae negate rea. 

ine aig perekre ued he Opes sbi patie aed 

fake nega rl cf OF 


‘coma ] (ORL wt hepa tae esta st 
-SuLO ‘Mh aram Fie 5.12 samara we meme 
‘ht 28 ot Oye ested ht eae SER AO hee wo ok ds, 
‘15K. or 0.05, ld kya tet sgt Theremin 9958 7 0.995 wal 
‘st oti, Amen the ees hd ae eos, "wy Tor} wt 
Poti he remaing 9% 098, wel coc est gti. 
Wee fd isk ep | test +) yh cndion pray oma 


lok dap tet 
Poa ampsinn +)= ME 
+ Td Moke test +) mtg the Yan + nce othe te, 
amas ‘Moke test +) = (00290995) 00198 
honing water Ohmpc + tte +. wend ac the proba htaranonly ected tees 


Pederson are 
ects Func otc cs ater ga po 
a ieetpnwcoapoumre 

st +) 002095050901) =O0207 

‘eye tneicnheont 
igs} _ omen 
a np) =fin tm} one 

thsi htt peng 
{3 For Practice Try Exereive 99, 
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_Ace you surprise by the final res ofthe example? Most people ate, Some 
times 2 rosy table thal includes counts fe more convincing, To make calcul 
tions simple, we'll suppose that these were exactly 10,000 athletes atthe 2008 
‘Olympics, and that exscty 200 fook hanned substances (that's 2% ofthe ables), 
Hw many of those 200 word et pote? It would be 99. of 200, o 199 of 
them That leaves | who would test negative. How many of the 9800 athletes who 
didn take drugs would get fale post test resul? One percent of them, or 
(01019800) ~98 athletes. The remaining 9500 ~ 9 ~ 9702 would test negative 
Tn total, 199 + 98 =297 athletes would have postive test results and 1 +9702 = 
‘9703 athletes woud have negative test results. This information esurumarized in 
the moss table below. 


— 
Postverest” Wes No Tout 
* 1 or 
we 1 am son 


‘Ghent taeda ha tte pot, we ca se or the Wo 
‘jth py Nek it = HY =O, 
Ro cance yl tng gai she mt 
toro ine or lech tt one pet pone, we ea 
eo tht att cd bt maple pe overs wean 
be prety etal he atl to tanned tance hat tapped 
ay a, wh wn sipped hy he 3008 Tt Se Pie) 


How Well Can Babies Hear? 


Lets return tothe chapleropening Case Study (page 2 


) about sroeing babies 


ean 
‘Baap Actual Hearing 
‘ose Normal 

Testresut te ‘ 


ache, weak his questo: then et ns tht a baby has arn los, wha 
the chance that he ot come!? By ne, ou soul ecognie ths aa conditional 
probabhy question. To ind thea | essay ow we ca te the sonditonal 
Probab form 
cys tom — beating los and test 
Neaettelneee' Pista Tos) 


s4n00 
‘so100 


= 090 
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Alternatively, we can se frm the troy table that ofthe 60 cases in which the 
fnew test sys there i hearing lo, the aby actually had hearing ls in 54 of 
howe caer That means 

‘ating los | test sys lass) = 5460 = 090 

the test ys tha the baby has hearing los, thew’ 90% chance tht the baby 
actually does hae hearing on. 

‘Aboat 4 millon babics ae bor in the United States each yer. Suppose all 
these babies are sereena with the new device. If roughly 3 of every 1000 babies 
‘has some form of bearing lon, about how many babies wath hearing loss wll be 
mised bythe new device? We would expect the total turer of babies with heat 
tg los per year tobe about 4,000 0)0.003), or about 12,000, According to the 
"sul the tworny table above, 4 out of $8 babies witha hearing loss wll be 
mised by the new device. Thus, the estimated total umber of babes 
vith ari los raised bythe steening st pet year 


rom) a2rs9 


or about 828 


Summary 


© Mone event has the chance tht another eve will happen i 8 
‘conditional “The notation P(B | A) represents the probability 
that event B occur given that event has occurred. 

“+ When the chance tht event B occun snot fected by whether event 
Acecurn, we my that events and B are independent. For independent 
events and B,PYB|A) = PB) and YA |B) = YA). Ifo evens A and B 
‘ae mutually excl (di), they cannot be independent. 

"+ When chance behavior involves a sequence of outcomes tre lagram 
‘cat be sed to desenbe the sample space. Tee ara cat alo help in 
Finding the probably that two or ore event occu together, We simply 
rnp slong the branches tat corespond to the outemncs of ste. 

“+ ‘The general matiplication restates thatthe prabability f events A and 
B occuring tether 

PAN B)=PAA)- PBA) 
Inthe special cae of independent event, the mulipication rule becomes 
PAN B)=PA) PIB) 

"+ Dining both sides ofthe equation by PVA, we gt the conditional 

probability formals 


ela) BACB 
Pala) AA 
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5 Chapter Review 


Probability sae to desribe the long tren requlanty 
that resus fom many petitions ofthe same chance 
proces. "To ealelate the probability of particular 
Buteome without any formulas, we can ast random 
digs to strulsle many repetitions. Section 5.1 dis 
‘uid randores and sinaltion. 

Probability models asign probabilities 10 out 
ces, Any such model rust obey the rues of prob- 


ably Scetion 52 presented these rules, along with, 
two teal tool for deeribing ontomes of chance 
‘bchawor— Venn diagrams and two-way tables. 

In some cae, we ave partial information aboot the 
result of a chance proces. Ths lads to the study of 
Cconetionl probability in Secon 5.3. Tee diagrams 
Fhlpenganie ou thinking bout condtional probabil 
1 tates thal anole a sequence of lens 
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WS. Into college Remon ha applic te bot 
Prinedon uf Shand eh Cer, the 
pry tht Pine wil wt hin 0, Be pede 
‘hit het Star wl alert rm 0, aed the po 
by that th al at hr 02 

(a) Mate a Ven dag to mode this chance 


(6) tay it iter ety 
adits Ramer? a 
(6) Watery athe ne 


sf the wo shod? Une the eral aso ele 
te cone ta yo ewer Kener. 


Saga 

‘hgh il be edi ppt of ern tac 

109 hae atl tke sth Left che a at 

ato les te cg et 

(a) Mid te digs eager ogle pa 
incre 

(b) Whats the pray that he rndoey selected 
Athlete? Se pour or 

le) Suppose that hc chow ate tte 
Whe deprobbey that be ore atl cd 
seri Show your work 
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+ earners ss pec 
SA, Msp arene Mpeg Ye 
[ir analy rendre nin aay 
2 The Eek ele Ley mg? 
ess ephecars Tre sentehnct pier ot opie 
‘oot enti Tong leony 
core eri ea Rarer ere oe. 
Ty bets Sook igs aceon poe li 
Sepa et tac] pe Ep 
(by Yost av ih ps een Thi pie 
Ie heh cna wih nly chee Nw a the 
vet (etn thicken piesa an (tiga 
far hanno andependen? Egan 
rate petal Pu otc Mee 
RSQ. Dew and pine seedings As brian 
{oder eat a ee een 
‘ceding aa mont ete Oho, 
(ted ow drt drape and wh fet fe rd 
Insane yy rm 


‘pine 


= 
3 = 
ities m 
am 
(2) What he poi ats dy eid 
bel nama by 
(0) Wnt th cred pce tt 
petra bree aliy 
ives 


(6) Dw hmong shot oe nf thy er 
sors wedlng hangr the bali a der 
Sacre journo 

+ ee copra ne meaner epee 

‘nora conpdn aan 

5.10. A random wall om Wall Str? ‘The “en 

sk yok pcs fl at pe ov 

povettres far oper heer hip opr sen 
eed oly wht hep apo owe oh 
cl ts phy apc inne 

Sey ce ra (Te pn api 

Seen ats edn he Nee Sed cng) 

To) Ws by a ne pre op 
pr deipel rey dry 

(hy Wha se ily tthe pis le 
ee rt (ir a i) 
——— 

SAL lod types Fac fn bar ABO blood pe 

Fee nr nee mere eT VE 

Se Bg abe eed ct 

[osarsen yo meee mee ra 
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cur athe. Each of thee alleles can be A Bor . Which 
tre we men determine our blo wpe The able doe 
‘Sade el ope orca cena of ee 
‘Wernhest each of «pues oll ith pol 
(05. We inher iedepetloty fem ont tr te 


‘Acs erie __ Boat pe 


(2) Hash apd Jacob both have alleles A and Bh 
he seme space that shows the al- 
ie at is eet Iced renee. Ths 
{gee the pone blood pe that his clad 
‘Suldhave, al with the pabablty foreach 
‘loo ype 
(0) ever has ale A ard O, Jos fa aller 
‘Aimnd B They have tue children What the 
hat at leat one ofthe to children 
oboe! pe B? Show your meth 


Chapter 5 AP Statistics Practice Test 


Section I: Multiple Choice Sele the bet aver or each question. 


THD Som tn 10 
Pte cnt ey ee lente 
{eh pm Wie he ling ema? 
(0 note Sancti ane 
nan arctan 
[dicerent reaper tage 
(Te on oe ing le 
ore 
13 Tete it lad eed 
tell rege orto 
Mather ae oe 
452 Con ar Me pp Maen we 
Hedpecfeeeehn g epee 
Nip tameiiecs ttearc.nkusriad 
SESE aed 
aun menuegeaoroe 
pee hd arerieaeg 
ep peasy pee 
gate mene 
0) Gone nino pe ene 
enter 
(One oO 9 yey 
beet ae 
@ otgeceeimneyeerimar fe 
Det rer 
 Seegeeanye one ek 
Sumida ke 
95 Chpersahen boner 
[see eargrerereaner arora mor 
ee eee 


__o0 © 2 5 45 


Pobaitin 009 036 035 013 O05 oon 


A hewing company builds houses with twos tgs 
‘What percent of Dhol have mae eu Ba te 
ome old? 

7S) IE fe) 20K 


(5%) 9% 


Siccrttit einer 
eee 
eal —e 


GAT TDA TTS 296K THD OG THE 985 
‘Thc member of won renee erent ofthe 10s 
WW He |S D7 6 


Queens TS.5 to TS.7 refer to the ling ating, One 
Aiowad doco at « iy high achee were elated 
sscording to bath GPA aed water or mat cy cor 
tet ped ne Th toy abl wi 


on 
‘Sippetcomes ao 2a) 
wer = 5s 


a aes 
“T5S. What i the priya det fw a GN 
cD 

(a) 0227 (h) 0285 fe) 0450 (4) BATS fe) 0506 
“T56, What nthe probly ht sd as 2 GPA 
vanes 2D ar sipped man lanes? 

(Gq) 0080 (b) 0281 fe) 0285 (4) 0365 fe) O77 


‘TT. Whats the pbb haa set ta CPA an 
er 20 prensa sipped ey cle? 
(a) 0080 (b) 281 fe) 0285 g) O54 (e) O72 
"TSS, For cyent Aan Bete tthe ne chance po 
‘em, whch ofthe llowanyatment re? 

(a) A ad Bae tally eck, Shem hey mt he 


Independent 
Uy HA any thy emi 
Allyerlave 

(o} WA.and B we wot sly cache, hen ty at 
Ie independent 

(2) A od Bae ot ieee, te ty mt he 
uty erlane 
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(| HA and Bare ndepenset, then they cannot he ab 
areciane 


‘The pokuhay atthe pron oa hone irs mo 
sever us neve hee maid (rth) herr abot 
G) O77 (hy 6 fe) O48 Ud) O38. (6) OI 
“T51O, A deck of pleyng cad ha 52 cane of which 12 
slur ear Myon de the deck wll andar ve the 
Sp Sand ome rte oe, wha the ply dat 
Ti aetace cade 

(a) O01 (hy Q005 () O10 (4) OOI2 e) O42 


Section TI: Fre Respanse Show aur wk Indicate clsrly the methods you we, Besse you wil be graded 
‘on the comecte of your methods wel as. the aceutcy and completers of you ult and explanations. 


‘TIL Yor hehe ha ete «Tite gue bo 
Py Hew hw W we. Ye cher wl ol ne fa 

ted he and you wil wl si wae each 
ip 


alt see ad the winner i the peton wth He 
WB shoe the ample pce fin chance een 


ern ee of be. nther payer i The 


ssh wale rundown parla ppl 
‘on The bling le sw the pbc we 
‘rent reed nce poems 
a __ 2 
<= vas 
‘Som we pcre tom 
Demat nm netgelaneat 871 


you Rot 
r 
2 
a 
t 


(o) Let the nto acer wi" Pd FA 

(h) Lat be he vent yo pt our id wl” Find 
PGB). iy gS 

(0) Ave Ase Bidet? fy ome 
"5.12. The wah, Bd Cee opr 
aces his genio enn po sy Me 
‘pointy wis Machin nd pro 
ADSI and 108 te pr Tnwecal 
‘een inde tht WE oft pt paced Makin 
Kar deni, “i OE Machine Bd 
‘tite Mache 

(o) Dt gn ms inch poe 
(1 sh pt py ae tee fle 
tachi, wht he hal is Aden Show 
por 

(0) He ptt nd de be ti, ih 
pa pee ere iar yey sary 
bree dsc verse. 


(0 Pid epi ot he el 
beer eterst 
{2 dt pt nde ome 
(atlas is 
(9rd aha need tn Fide po 
Sapa es pe comer Se 
= 


‘S14. Red on previous rans, 17% ofthe vehicles 
pening theneh « ttbcth have cites platen, A 
Tate wecer dist pate tine by ene 
hes meny thie ps hgh tl nes oa wh 
beta plat 


(G) Desert the deg of a sinnist einat the 
Teer of which 2 ax bE oo he 


Sao ple High chet hyo wl ne pti 
{able adom dts blow tear ou yor silo 
(6) Ferm thee af silaton yo de 


Sais pth yt mil 
fee Teoh el aeaty cat 6c lls ow 
=— 


441050 92031 06449 05459 sons 31880 
5 $4469 94868 57967 OSRIL 44514 
06757 17613 15542 51506 $1455 
1006 63395 5041 15866 06589 


Introduction 


Discrete and Continuous Random Variables 


‘Transforming and Combining Random Variables 


Binomial and Geometric Random Variables 


Chapter 6 Review 
Chapter 6 Review Exercises 
Chapter 6 AP Statistics Practice Test 


Random 
Variables 
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Do you drink botled water or tap water? According tn 2 recent report in US, 
‘Mayor Newspaper, about 75 of people dink botled wate regulary Some peo- 
ple dso beats they believe bold waters safer than tap war (There ite 
tvidence to suppor this belie) Others sy they prefer the tase of botled water 
‘Can poople realy tll he difference? 


ACTIVITY Bottled Water versus Tap Water 


MATERIALS: 2 smal paper cups per ude eneugh tp wate fortwo caps peruse and enough 
ote water or one cup per stadt: one sr sed Sit ond one inde car per Student 


Te ley ol prep tl ost less encase 
Wi cre ieee ee ted rele 
le 1. Before clas brs, your techie will prepare numbered stations with cup af 
as tape -yrateentioary 
F Got ie crepedng tin Pic pra (bal, dC) 
‘edtskethen eck youre 
1. Mert data wth fe sep conta 
a ai Soe raienteele ria deal 
K Cup B, and finally the water in Cup C. Write down the lelter of the eup 
sea oa tind kl bed wane et es ord 
Geren 
{eyo our cer a cha on a nd ti on 


| When you are told to doo, goto the boar and record your ation number 
andthe letra the cup you dented coma ote wale. 


(6. Your teacher will now reveal the rth about the cups of drinking water How 
‘many sents in the class Kentifed the bod water corrects? What percent 
ofthe las tha? 


Trent tompegesicn 7. Let aun tat mone in yur cas can ding ap water bated 
ssorbevaaserewer valet nthatene, tens woul ft be ming which cup of alr tes fe 
‘Sckrenametwante Gn ie, wha he poaby ata ndl talet wo en 

enters tv 5 How many corel dencaborn would yeu need owe lobe convinced tal 
‘eutewenciemte "he stad you ela te at cnn?” With our laste, dein td 
\esimowrantctyvee any ala siltion aoe this question What J you ence abou out 
‘eum Cmygmnte claaabilty bo stinguih tap water on bated wate? 


‘When Me Bulla las did the preceding Activity, 13 out of 21 studs made 
correct identifications I we aime tht the stent in his cla ca tel tap 
‘water fom Botled water, then each one i ascally gem, with # 1/3 chance 
lof being correct. So wed expect about one-third of his 21 stints, that about 
7 stadens, to gues corey. How ely iit that a many as 13 of his 21 students 


+ In Section 6.1, 
you'll learn about: 
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‘owl gues cores? To anne thi gosto witont a silaion, we ned & 
{Bee nd of probtiy model than the enews Chplr 

Seton 6 inden the concept of nando neal, mami ot 
come of ome chance proce (ike the 13 students who goened comet 
Mens a 8 pin db 
{ess information sort the Mcleod that pee vet happe (ike 
iS or more comet gemes ot of 21) and about wha expected happen i 
the chance benef repeated many times. Seton 2 examine the eet 
‘of ranforing nd combining rnd variables on the shape, center, snd 
Spread of thet pba datbton In Secon 6.3, wel lok Wo a 
{Erm vanabes mth probity drutons hate ned enough fae he 
‘en names~ bint nd geometric 


Discrete and Continuous 
Random Variables 


Aprcitiy model doch the plone chinceprcen an the 
(ulincel ar ass ontemer ed ae Yor carpe, pea oe ha 
tointhmes The cpl cer hchaee proce 


wn ee oe orm rrr 
Since there ate equally likely outcomes, the probabiiy is 1% for %y 


‘Sch pie ucome. Den the vorble X= the be 
ead sated Th ale of wl ay tno st of nso 
other bt wl alos be one of he ure 0,120. How 
italy Xi ukeexchof time vac lb ex  iner 
ths geo we gop the poe comes ye namber 
chekebonet 


\ 


‘We can summarize the probability dstabution of 

Xa flows 

Value ot 23 

Probability 1888S 

Figare 6.1 onthe next page shows the probabil data 

‘of Cin graphical form. Notice the smite shape. 

\Wecan us the probability dstbation to arawer questions about the variable X. 

Whats the probability that we get at lent one head in thee tomes ofthe cin? I 

symbols, we want fo find PIX > 1) We could add probabilities o get the answer: 
XDI) ) + PX=2) + PX 
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‘Or we could ws the complement rule frm Chapter 5 
=AX=0) 


‘A mimerical variable that describes the outcomes of chance 
proces ie Xi the comdosing scenario i ealed a random 
‘anable. The probability model for a random varable is 1s 
probably dentin. 


ROURE Hagan ote pobaity tson br X= narer ot 
: aa Breese acon 


“There at main pes fran varie, coreg oo pe of 
ecity art Sica etme te 


Discrete Random Variables 


‘Wee lend vend roe of poh bt nyo wy ning prob 
Ablits i events amg a probably terry ndidual oul, hen a ene 
frnbbits od he pobiyoany cfet Tas Ws ers wel ew cn 
Kraay to ell poner wil eal edo arabe ang 
proba aniged ths wy ice nom arin! The poi 
(Shen Groce mdr mnt ve culsme pci hal are 
tween Oa Tad tal ad opt 
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Here's an example of a dicrete random variable that involves something abit 
‘more ers than toning co 


4 1952, Dr. Virgina Apes five criteria for measuring bal 
So oh ie oes Et teen om ering 
ropunse when simulated. She developed + 0-12 eae to rate 4 ne 
born each ofthe ve eieria A aby Apgar score isthe sum a the 
‘ating om each of the five seas, which aves 2 whole-namber ale 


fom 0 1010. Apgar scores ate stl sod tay to evaluate the health of 
newborns. 


‘What Appar scores ae typical? ‘To find out, researchers recorded the 
[Apgar scores of over? million newborn babies ns single year? Tag- 
te selecting one ofthese newborns at random. (That's our chance 
procs) Dafne the random varie X= Appt score of andy 
Selected baby one mitate after bith. The table below gives the prob 
ability ditibution for X- 


vet , +s ese ® 
Pobailiy, 0001 00 a 8109 009s 0098 0518 0497 00st 


rome 
(0) Show te the pray ast olepimate 
(0) Matesntopam de prety Astron Describe ws yousee 
{c) Doct decided ht Apa scores 7 hig det heathy ay Whats te proba 
at aranony cede? 
ps 

(0) Repeats sete Daan they dp, 50 
‘eisalegtinate potty dete 
(0) Fare 62 sows histyam tthe pay dstont he 
Seni sed tp at iad 

scare teh endo te ke, ih meas 
Sittnbyen pty i tesa 
toting aay whese Apgar senas Seon 
(9 Repeat nahi 7c 
aes peas ows 
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Aneun ts poste vas 
aera ge 
‘uc APSA 
‘epee eae 
gnomen oe, ora, 
ety Rare | 


[Note thatthe probbily of randomly electing « newborn wove Apgar 
score geste than or equal 07 ie no the sae atthe prabbiity that 
the babys Apgar sore iris pester than 7. The lates probability i 
PX>7)=AX=5)+PX=9)+AN=10) 
=0319+ 0437 +0053 = 1509 
is included in “grater than or equ to” andi not included. 


in eater than” 


(CHECK YOUR UNDERSTANDING 

[Nath Canta State Uninersty pot the rd dthoton fora nue online) 
‘Stadt Statics 101i recent stm reed 26% Aa APT Be 205 Ca, IVE Ds, 
‘nd 75 Fs Chome «Sats 101 sade a nde. The aunts pe ona four poi 
‘cae oth A= 4) drt aedor aa wath ths bay tion 


Wer —o. T z 7 
026 


Syn words mh the meaning of PAX > 3), Wha th probaly? 


‘Writ th event "the shel pad wen han en ah as 
‘rable X. What the ply ofS ee 
1 Sketch raph of the probly dation. Desert wha you se 


Mean (Expected Value) of a Discrete 
Random Variable 


When we aahaed darts of quate dats in Chapter, we made 
putts ct hp coy Sal pet se lay aan, Vr 
Ei these seth roy ron of de vores Yo 
Canau what yor kum chr ted shay otby ton 
tg Weve steal scm example of ence er of Hed i se 
Colom and eaewed (Apa eo andy cose aly pally 


‘dntabutions What about center and spread? 
“The mean Fo tof observations tei ordinary average The mean jg ofa 
Ace rando able als 2 rag the cube ales of, ba th 


mmportant change to ake ino account the fact hat not all tcmes may be 
‘cpa Ue Astepe cape wl show what we need odo. ~ 
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ECL eae! Seen 
eater a 

ae er eeaata ees 2 
inattention 
Roping tote ein 
a eetians 


Value: eT 


Probability: 2075 188 


‘athe The ofthe two posible ont 
S791 Sa Be tat ee eto ce pe 
{Sita owns tater 3a et, fer ps ale 
tims in every 38 games played and oes dor on the emg 20 38 bls. 
“The peer longum average an for thi simple Bl 


c= 03} +0) = 08 
eae eee 


per bet. 

someone actully played several games of roulette, we woul eal the mean 
amount the penon gained T. The meat in the previous example i a diferent 
“quanty— tthe long-run average gain we'd expect someone played route 3 
‘ery large ruber fines For this eas, dhe meat of random varable ws ofen 
referred bo a expected value ut 3 probabilities area Wealized desertion 
‘of long.nin proportions, the mean of 3 dacrte random arable dexcebes the 
Tong rim arerage outcome. There ae wo ways of denoting te mea of random 
variable XWe ean ne the notation jx ot we can write) an the “expected 
value of Xn the ouette example, jx = EX) = ~$0.05. 

The mean of any dacrete eatdom varie & found jt ax in the roulette 
ample. Is an average ofthe posible oatcorne, but x weighted average i 
‘which each outcome weighted bys probability. Here inal the defrton. 


DDEFINTION: Mean (expected value) ofa discrete random variable 
Suppose at Xisa dsc acom vate whose probably dsrtuton is 
a ary 
Pobbay 


‘ofed fe mean (epected value) of X mip ach posse valu by ts pobabity, 
then ad alte pod 


= B= aes 
Lp 


Lefs pat the definition to ase i calculating the mean of a fair random 
samable 
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EXAMPLE 


Troan te 
oan we 


Apgar Scores: What's Typical? 
Mean and expected value as an average 

Inout ear example, we defined the endo vase Xo be the Apgar oe 
ts randomly selected bby The table below geste probaly dition or 
Xone ain. 


Me Be Se eRe ww, 
Prdably pe O01 0005 OMIT oO OSIZ eAD0 aUNs NOR ASI OAT O0SS 


(ONE Compete hrm ri and ep cat 
SOLITON Fmt pay ttn Xe srt eer TOOD ies hae 
vip set 06 om 1000 abs wa ea psa a so the mean 
(eyed 
B= De 
(2,001 + (140.006) +007 +--+ (1040058) 0.128 

‘anc Apr stardom celts 128 histo rt ae Apt 
ser fm. nado orbs 

For Practice Ty Eerie 9 


Notice thatthe mean Appa score, 8.128, nots pouible value of the random 
variable Xf abo not an fteger Ifyou think ofthe mean asa longum average 
‘over many repetition, hese farts shouldnt bother yo 


Standard Deviation (and Variance) of a 


Discrete Random Variable 


With he mean tour measoreof center fora dcrte random arable shouldnt 
suprie you that wel use the standand deviation as our mean of sptead 
In Chapter 1, we fist defined the sample variance ws the “average ured 
deviation fram the mea” and then look the square ron ofthe vatiance tn et the 
‘sample standard deviations, The definition ofthe varianee ofa random variable 
(9[ 5 sia to the definition ofthe variance frase of quantitative data. Thats, 
the variance ian average of the squaned deviation (&,— px ofthe valoes ofthe 
‘arable X or is maean py. As withthe mean, the average we use ia weighted 
{rere in which eacs cure is weighted by ats pablo take accent of 
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‘outcomes that ae not equally likely To get the standard deviation of random 
‘arable we tke the square root of the yarunce Here ae the deta 


Te standard devition of random yrlble Xi measure of how rmach the 
‘aki ofthe variable tend to vary, om average, from the mean jy Let compte 
the vate and tndad devistion of amas dcrete random variable. 


‘Apgar Scores: How Variable Are They? 
Calculating measures of spread 
Inthe int example, we caused the mens Apgar sae of nly bene 


‘newborn to be px = 8.128. The table below ges the probably dab for 
ome more tine. 


Wee 8 1 2 t 4 8 6 7 4 0 
rcaily pe 0.0 0006 O47 810 BOI? NB OOM OOH AIO OATT 2089 


SPOR Campton hand dent ade aa 
“SOLUTION Therma forthe arama of Fs.7} = Sf — gu Plugging in valus ghes 
of = (© —_6.126;40001) + (1 - 6.126710.006) 
‘(2-8128940007)+..= (10 -812090059) 


of 2066 


‘estan dation 7, = VZRE ~ 1437 team aan cays 
‘Apr scare rtm eas (8120) iyabas ts 


@ For Practice Try Exercise 15 


‘You can use your calculator to gzaph the probability distribution ofa discrete 
‘random arable and fo calculate mesures of center and spread, 2s the fllowing 
“Technology Comer lastats. 
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TECHNOLOGY CORNER Analyzing random variables on 
the calculator 


Lefs explore what the calculator can dowsing the endo variable X= Apgar 
score of randomly selected newbom, 


1. Stat by entering the values ofthe random variable in Lt (lst) andthe 
probit im 12 (lst) 


2. To graphs hata of the probably dribtion 
Set pa statics plot with Xs ltt and Peg: 12 lit} 


An rico tng Sill: Xn = Xn 
"Yan = 05, Yel = C1 


|Ton the 715%, 


5. Tocaleulate the mean snd standard deviation ofthe eandom variable, use 
‘aneariable attics with the values in L1 (lst) and the probabiltis (ela 
tie frequencies) in L(t}. 

"TSG: Execute the command svar state £2.22 

‘TLS: In the Statisic/L.ist Ear, press (i (Cale) and choose 2: 1-var 
rea. Use the ips List tt and Fre Tit 


TV; ce 
nen 


axel. 437225104 
neh 
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‘CHECK YOUR UNDERSTANDING 
Ale: nde dese Leps tack fle made ring cach of dey, Let X= the 


‘member car old donne ft ou of nen on = endo ele Fey. Based 
(oe pron seed the pbaliy dation oan Ellows 


Ga 
1. Compete and interpret he nea FX 
2. Compute nd inferpre the anda devon of X 


Continuous Random Variables 


When wee the able fd dig osc dt between Oand9, the esl 
bs dare rand arable all The pretty sl sigs prbabiy 
T/Ote eachof the 10 pombe valerof age shows 
she poatiy drten is a abe 
wat cans ra aot wee 
an allowing ay abe tween O and 3 the ot 
ce, (Sela comp on snr rn 
too ies chance pices 
Tet te acne teal ef mamben " 


wees ‘5 = all munber between O and 1) 
‘QURE 63 Pibabiy detente ender C1 the outcome ofthe random number generator Y for 


random digt tom 0109. 


‘het how can wid probable of ves ke P03 = 
1.07) Ain the cae of lectin anc ag, we wold eal pole 
Comes tbe eps. Ba we crmot uign polis ean 
‘alo of nd fen add en, bane tere ae ely any pole vale 
Tn tion ie thi, we ene rent ay of aging probe diet 
te eenat me under «deat cane: Real fn Char 2 tha any dey 
‘ne in area cacy tudes crap al rab 


As Figure 64 shows the probability that the random number 
(generator produces number Y between 03 and 07 is 


us <¥<07)=04 
“Thats because the area of the shaded ectangle is 
length « width= 04 « 1=04 


[RGURE 4 Asegong pbs grunge nba beeen 
(and Th pay any rier of urbe tab te 
and nee erty oe. 


igure 6:4 shows the probability distribution ofthe random vaable ¥ = ean- 
doin number beteeen0 atl 1. We call ¥3 continous random variable becase 
Jtsvale ate not soled umbers but rather a entire intra of amber 


rity oc | “The probability distribution for 3 contimous random variable assigns 
probabilities to Inteals of outcomes rathet than to fide ont 
‘comes. In fact, ll eontinaous probly model ign probability 0 to 
‘ve ndiriduslouteome Only sera of aes ave pontive probability: sce 
that this is true, conser a specific outcome fram the random tumber generator 
ofthe previous example, such as PY = 07) The probability ofthis event isthe 
area under the density cve thats abo the pint 17 on the borizortal ais. Bt 
this vertical ine segment has no width, so the area is. Fr that eas, 
POS <¥<07)=R03<¥-<07)=P03<¥<07)=04 
‘We can mse any density curve to asign probabilities. "The density eurves that are 
st falar to ate the Normal curves Normal dtribations ean be probity 
dtribution 3 wel as descrpons of dts, There sa clove conection between 3 
‘Normal distribution ean Sealed description fr data and 3 Normal probity 
mode. The following xample shows what we mean. 
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Young Women’s Heights fe 

‘Normal probability distributions 

“The eights of young women coil Sllw the Nonna dribation with mean 

1 Gt tches and stead deviation = 27 inches Thirds for 

fogs st of dts Now chon ene young woman at endow, Call her eiht 
ge eepeat he ae die very ay aes, the dtu fas 

‘of Ys the sre Nona sun Ut dese the heights fall youn 


‘women. Find the prababday that the chosen woman is between 08 sal 70, 
Inches all 


SCE wt pny si meh i et 
mune 

Fla ern £7 a Wt 
GD < Y.< 70) Thess the area under the Normal carve i Figure 6.5. Wel standardise 
PesisThernewaaaaien 
pee 

56 vw oa = Ba aes 


ores rps the rd sitet lows standard Noma debt the 
‘he sed preeby  (VAB< Z<2.22 From ae wel tat IZ 2.22) = 
(0.9068 snl Z< 148) = 08906 Somehow 


Mab 25222) = AZ< 220) AZ 140) 
= 09868 - 0.8306 » 00562 


temas 


-RGURE 5 The paby ta acy chosen young wore ashe etoen 
Geana Uncen an en nde aera on, 


Vecchia inte rma cee apie other command on 
‘eTh.5004 frac), 


CONCLUDE: These 5 Gk cactus rmdochosenyouny momar eae 


beeen Bd 7Oches 
@icnerenn 
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‘The calculation in the preceding example is the sme 2s those we did in 
(Chapter 2. Only the Language af probability new. 

‘What about the mean and standard dewstio for continuous random variables? 
‘The probability distbution of continous random variable X is described by 4 
densty curve. Chapter 2showei how o find the mean ofthe distribution isthe 
point t which the area under the density curve would balance ifit were made out 
‘fsoid material The mean lies the center of sme deny curves such as 
the Normal cunes. We can lrat the standard devishon of Nornal dstrbution 
‘fom is inflection points Exact eaeulstion ofthe mean and standard deviabon 
for mos! continuous random vanablesrequtes hanced mathematic! 


Summary 


+ Atandom arable vars ting sumer aes deere by the 
‘ateane of cha pace The probability dation fs do 
‘Gable Xe what the poble alc of X ate i how probabilities ate 

otha ales Thee at tro Nes fda arable. dee 
a 

+ Aneret andoe atl as est of pone ves with ap. 
‘tren them The pobbilydibuton nig each of hee les 
2 pnbablty betwen O aid 1 ich tha the aoa the probabin 
‘acy 1. The probity of ay vet the imo the probe of al 
the vals thal mak wp he event 

“+ Acontinuoarandoe ible tells sone nerf mabe. 
[Adenty cone doerbes the probably dition os cmtinac 
Cane arabe The probably of amen he rea ne he ce 
Shove th aes that ake up the vet. 

+ Themen of random variable the alance pon othe probability 
mnbution hata or densy cane. Since the mean the fogun 
Sperae tal ofthe arb ater ary sepeibons ofthe chance proce 
ita nen athe expected ale of he nds warble. 

+ txisadicrtrandom varie, the mean the average of te yluesofX, 
‘ach wc by probably 

= Depa np tpt apt 

+ The yarance ofa random aisle o ithe average nad deviation 
hth ales of thease fem et mean. The standard deviston 0, 
ithe gure ot ofthe vrane. The andar deviation mere the 
‘ral ofthe dtbuton aboot he mean 
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Fora duerte random variable X, 
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6. Working oat Chane» rome 19 D5 yen 
‘arom nd ak, "Tn the pt cre dy, bow ay 
Sone loa ri ec hes aber 
‘nek out?” Cal the epemseY ees Biv ont 
lunge ample se, brea prbaby mel 
Seineersone ie 
ae ee ae 
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Transforming and Combining 
Random Variables 


Inset 6 welt ot eral eampls odo abla hk prbe- 
ty dro We shoo at econ pe and rca ein es 
tiga loathed radon, eX =the So 
(ped on sgl SI bt on wed rn of ole, we lead sewed at 
f= —$0.05 i com ven that he sandal dation S10. That 
Player con expetto nea sverage oS cen port bt hi pays many games, 
bt he plays only few games, hi acl gan could be muh eter or none 
than hs eset tale 

"Wold the payer be beter off playing oe ae fue wth 2 bet on 
redo pying wo games tng Son el each tne? 1 nd at, need 
tncompae he pbb dts of te tndo vars ¥~ gi fm 
Propel prepare eerie bere coe ag 
the higher eet grin nthe lang a W sary 
nd ths sttn yl eae ave que ths 


Linear Transformations 


In chapter 2 we tuded the es of fomaton on he shape, cen, 
‘pea fa ditional Reel wat we dnconred 
1. Ang or abating) conta Ad thane ber te po 
te ao or mpi) teach ceri 2 
+A we menue of ett and oat ean, dan, ques, 
erent, 
et nyse or messes of ped ans, AR tana ei 
ton 


2 Muliphng jr ddng cach bserition bya cotant psn, nega, 
{Mules dies) mesures of cenfer and oation mean, mean, at 
ties, pees by 
‘Nui (vis ncnues of prea (range, IQR standard deviation) 
ty 
‘Dies nat change the shape of the tiation, 

How ae the probly dtsbutons of random variable acted by amie 
tramfrmations othe also the yarisle? For reson ht wl be clea ae, 
sel tact by considering malian (or dvsion by 3 const 
Ettect of multiptying or dividing by 2 constant Lett stat with 2 simple 
‘ample of dictte andor variable Pete's xp Tors fe a opal hl day 
tpi out aes There at be teat pasenger forthe ps un andthe 
‘hice wll holdup 6 pansnger. The numberof pasengers Xn randomly 
‘elcted ay has th follming probably dtrston 


Neolpmengns: 234 
Probablit p. ois 02s _n3s 


section 62 Te 
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on Figure 66 shows histogram of the probability dtu 
2 ‘Using what we Feared in Section 61, the meat of is 


De 


0.15) + (34025) + (4035) 
* (5y0020) + (6)005) = 3.75, 


Thats Pete expects an average of 3.75 passengers pe rip 
inthe long run. The variance of Xi given by 


Tote aD ie mih= 31757025) 
Nene otpmengeD 0a) = L878 
AGURE 66 Thepibiy erin cto SOU dard devon of Xi 
‘wate X= Renter perpen ea epene en 
‘ween downy oy = VOIR =1 
Pete's Jeep Tours 


Multiplying a random variable by a constant 

Fate cha $150 pe pone Lt = the lst 
2 money ta Feel 3 sndomly ced 
Be act oc alc a he 
fat $150 te the mr ee! 
CS ka Pom the pay iin of Xn cn 
Sette nee Son tp 
Teo niet ene, C= (18)2) 0 So ee pe 
folueof nS, ad copending pei O15 
| fx 3 thea “Thi ean corp 
peti 025 Ta he poy rin oC 
Talednedee OOo ao To 
Pobaiiype 01S 035035 030 00s 
Figs 67 kag is probity don, 
“The mean fC pe = Ee = (00/015) + (509025) 
PEF = 50, 


(On average, Pete will collet a total of $562.50 fom the 
halalay inp. The variance of Cis 


[RGURE 6.7 The prebatilty distin ofthe random ciated 

ie C= beac nom Fo cc bense = (00 — 562 5070.15) + 50 —56250}4025) 

Seema e250) = 2671875 
So the standard deston of Cis = FIRTIRTS = 516550, 
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In the previous example, the andom variable C was obtained by muliplying 
the values of our earlier random variable X by 150. To undentand the elie of 
‘multiphng by 3 constant lets compare the probabiliydstibutons of thes two 
‘andor variables 

‘Shape: The two probability distributions have the same shape. 

(Center: The mean of X j= 375. The mean of C& jc = 56250, which is 
(1505.75) That, ao 150 

‘Spread: The standard deviation of X is x = 1.090. The standard deviation of © 
‘ne = 1635, which is (250)1,0%0. Thats, a2 1500, 

[ets summarize what we've leamed so far about transforming a random 
vanable 


by. 
'* Muliplie (divides) meaninesof spread rang, AOR, anda deviation) by by, 
* Does not change the shape ofthe dtbution, 


‘As with data, if we multiply a random variable by 2 negative constant b, our 
‘eommon meases of rest are matphie by 


How does multiplying by a constant affect the varlance? or ete Joep. 

“ou thera ofthe fbr o pamerges 2 endo alec tp 

THINK 72°0)s7s: the variance ofthe tal amount ef money tha Tete collect fom 

ABQUT chs tin op = 26718°%- Thats (22,501.18) So ~ 7250008 Where 

TE 122500come fe? I jt 159 tn oer word, = (150; Maliphng 
Stan varie by conta bain the vara by: 


Effect of adding or subtracting 2 constant What happens to the probability 
<stribution of a tandom variable we ad or subract 2 constant? Lat rehi 10 
Pate Jeep Tours to Bind ont. 


Pete's Jeep Tours 

Effect of adding or subtracting a constant 

Aton Tete $100 oy pit, aed ey pam foreach lay ip, The 
int of prot Va ee maker orn he tp the teal mont of cy © 
that he ellos fen pamengers is S100. That, V = C10. ete hae 
only tne pasergem onthe tip QC — 2), then C= 300 apd V— 200, From the 
probably tration oC he chance that this apps i015, So he sale 
Fle ale of Vt S20; comepnding pobtiy O15. X= 3, then 
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(=450 and V =350, and the comesponding probably 1125. The probability 
itbatin of Vis 


Totalcllectedy; 200 =—=«SS0~=~=SC«ODSSCSDSC 
Probability p= 1s 025 03s 020 os 


PROURE 68 Te prebabty Serbo he anda 
‘erat V = he pot tat Poe mata mh of 
antory en dy 


“The mean of Vis = Svea = (2000.15) + (3509025) + -»--+ (400/005) 
cn ras, wl ale lt of 4080 fa thei Te a 
ieee 
= Se— min 
= (200 ~ 462 507(0,15) + (350 ~ 462.50)(0.25) 
<= (NOD — 462,50) 40,05) = 26,718.75 
So he anand deviation of Vs 


oy = VRIES = 516350 


prety clea from the previous example that subtracting 100 from the vals 
‘ofthe random variable C jut shifts the probability distribution fo the lft by 100. 
‘This transformation decreases the mean by 100 from $62 0 to $462.50) but 
doesn’ change the standard deviation ($163.50 or the shape, These resus can 
be generar foray andor warble 


oF iw seep ey oregon 
eget ae 


[Linea tanaformation, 


Fore nertontmater 
On HE Hn 
acorn Ya ae 
fomire ne morn 
‘Rema at apy 
yn Doge wou ne 
‘ava Secon 
‘eee era a 


Canyon suey inca 
‘ow nome 
‘esq ety 
sequrorctrewreeis 
fstevtm Yaa ae 
sere oustosd grat 
rene 


vie caller and dongs The munaprs nc rot Ton andy ete Fey 
{the Bon eared min th $75 Fine anand tandanddeviin fT 


Putting ital together: Adding /subtrating and multipying/Aivicing What 
happen i we tatafo 3 tadom varble by bh ang or ubteacting con 
sant aad mip ordi by 3 cotand Lets coir Tete Jeep Tos 
Sgn. We could have gone eet from the mmber of psig X on ate 
domly sled joe tour to Fete prt V wath the equation V= 150X ~ 100 
‘or, equvalenty, v= 100 + 150X- This near sf the endo 
‘eae sath ena we pete a (1 
{phn by 150 and 2) stating 100 (hn general linea afrmaton ean 
‘ewer inthe frm Y=» BC wher and bate constants) The ne efit of 
tha veuence of tanfonmtions 35 fallow 

Shape: Neither tansfrmaton change the shape ofthe probability dation 
(Center: The mean of Xi lp by 150 and then decreased by 100 tha, 
ioe 1504 —100-= —100+ 150) 

Spread: The standard devon of Xs lipled by 150 and i unchangs by 
the subtraction: oy = 15ey 


“Tis logic generalizes any lineattaformaon, 


+ prmat ye 
y= Mer(lacebcoldbes onpve mumbe, 


Whether wee desing with data or rand viable the fet of near rar 
formation are the name. Note that these ests apply to both discrete and contine- 
‘random variables 


Weedon mme 


ie 8 
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‘The Baby and the Bathwater 
‘Linear transformations 


(ROSE Oneness the atertempertre Wha he 
‘ery seeing scaled tea sled th temper Fat ater 
Mere dstrovton th mean of 4°Can stand devon tC. 


(0) Delete random re Yo ethene tempestrin deeesFalesel, 


|) According to Butses Us. the temperature ofa baby's tutiwater shoud be between 
Porml oP hal eps Sa rer epeer ren eld 
Scr et ema orRrnenn Sa 
pets 
(Arh cri y= B14 98 Wen 
sweater y= 8205, Remel 


pram 2urnsts Foner 
amie 


fofe-ser 
0) Wen nmin cyt py in th 
‘case rtoraayanrvasnttmenstadrondo aan Ht 


‘tnd M20-<¥< 10) Th sade acinar 3 shows the desea pay ofthis 
ea wc anand ie 


100-932 
Po ee a ne 


109 


‘hen f{-0189-<Z< 189) =039706 — 0.1867 =0,7858 er shut TOR cha tat 
‘heater tamper mets theremin nara ed sy 
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Combining Random Variables 


‘So fr, we have look at stings that imaved a single random variable. Many 
{teresting tatsties problems rege ws to examine to or more random variables 


fore we ace he cp a probe, lets veil the el of 
otatgen eae . 
Suns of andom vatbles rae, we ctin the pobiy dintton or 
therandom vatble X= the wmber of pnenge ona randy set hal 
hyip with Ft Joep To Here bt weap 


Nocof pamengen sy 2 7 7 5 6 
Probability po ois 025 Oss 020s 


Mean: j= 375 Standard deviation: oy = 1090 


‘ete’ ster Erin, who lives near ours ares in another pat ofthe county, isan 
presed bythe sucess of Fee's busines. She decides to join the busines, unig, 
tons onthe same days at Pete i her slightly smaller vehicle, under the name 
[Eriny Adventures. Aer a year of steady bookings, Erin dacovers thatthe mim 
[beraf pasengers¥on he half-day tours has the following peobability distribution, 
Fg 6.10 se. histogram of his probability distibtion. 


s No.of pasenges ye 
i 10 
a ow many total pastengers can Pete and Erin expect 0 
Ki hae on thst tours on 3 randomly selected day? Since Pete 


ier sg hela 
al age il 
pet day. We ean gen- 
Lemeseanegild is hs tet fray te aa ils ll 
RGURE 6.10 The pobabity drbten le ano -+Y, then or p+ pn. vother words, the expected 
‘alae mean ofthe sum af two random variable sequal fo 

the sun oftheir expected values (mean. 


Inger the meanofthenum olsen anda arable athe sum the mea, 


How tach varsity theres te tal numberof pene who 29 Hee 
and Ei tours avy cine dy? Let thik abode pole yes of 
‘ToX-+ ¥. The mumber of pasergen X on Mee tout wee 2 and 6, a the 
‘number of panengen Yon Enso hetween Zand 5, Sothe fal namber of ae 
sengen Tis betwcen 4 and 11h the ange of Ts 11 — 4 = 7 wb hi yale 
rete to he rang of X and 1? The range of Xsan the ange of Ys 3,30 
range of T= range of X + range of ¥ 

‘That i, there's more variability inthe values of than in the values of X oY 
lone. This makes sense, became the variation in X and the variation in Y both 
‘contribute to the variation nT. 


Y= 2 pauengess We know that PX = 2) = 
eo eves X= 


Se eaoeaare 
Saison 
See 


366 CHAPTER 6 RANDOM VARIABLES 


Probability model often asume independence when the random varisbles 
deseribe eatcomes that appear unrelated to each ther. You should always ask 
‘whether the asumpion of independence seems resonable. For instance, i 
‘eawnable to eat the random variables X = number of passengers on Foe ip 
and Y= number of passengers on Eris tip on 2 randamly chosen day as inde 
pendent, since the ublings operate ther tps in diferent pars ofthe county 
‘Now we can calculate the probability disibution of the total mumber of passe 
gem tha day 


Pete's Jeep Tours and Erin's Adventures 

‘Sum of two random variables 

LetT =X + ¥, 28 before: Assume that X and Yar independent random 
eee Wel begin by comeing the pie combat of 
es ° 


a a a TT z 

ave wim) a8 
6 (819)04)~0000 
os e102 2080 
‘015)04)~a018 
(02503)- 00% 
(029904 ~ 0100 
o2907,-000 
(e290) ome 
(e353 — 0108 
exyen)—ae 
exon a0 
(ean) a8 
(ema) aom0 
emjee)— como 
aman) a00 
axa) ~am0 
acme — cots 
aanyee)—cczn 
‘az — 0010 
1) 008 


‘or w x xs he pi dation yng the pris 
Sipmiiccduear ortaane A=) 00h e100 OF 


Value fe 4 6 7 8 9 ww H 
Probability pz O45 0.135 0235 0.265 190 O95 0030 0.005 
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1 the preceding xample tae, wh we ado aden ans 
sate hatin a Standard 
Posen th 

ox + or= Loms09s 208 
‘hier 9 = AL. 


sia op+63 
tn gree fn rcince fe nn f eel ndeende oe wales 
ona de eone 


‘huni sodig sitet canptg nc 
shes pe cc es pend Te ed 

se cacae ateartipe tea 
totediar dinadtaipenten stejucomenetiaited 
com 
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SAT Scores 


‘The role of independence 

‘A cllege uses SAT scores as one ererion fr adamiaion. Experience has shown, 
thatthe dstibution of SAT scores among, is entire population of applicants is 
sch that 


Haor= Het Hy = 919 + 507 = 1026 


‘hearane nd stand vation hal amet compte heart ge 
‘SAT Wath on Ctl Rang corsa ident, aus Sadr wo sae oo 
xa ede screihontthara. 


wolhes eo independent random variable and some tas 


The next eu 
formations 


Pete's and Erin’s Tours 

Rules for adding random variables 

atler, we defined X = the number of panengen on Ie tp, 
Y= the number of on Eis C= the amount of 
money that Pete collects on 2 day. We ao Found 
the means ad standard deviations ofthese variables 


Toma) ects 7Spe pant ee et 
‘Becsceoesrdony cada Fath anand tandndantont 
(0) Cth mn eth stan vif tl amu a eect 
radi cosy 
sauron 
(0) Meconaete6— 175) emanet ie 

e175 p= 1798.9) = 542.50 
can opect tate $542 50 heme earache ay The tan dete 
ae 


oe = 11a, =1750945)=16508 
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(0) Let w= thera amo clected Notice tat W=C-+G Meta the mente sm 
ftsordonarles quis thesemofther meas a= pct 50 

Ma Hct Me 56220 + 54250=1105 
emerge Fetes pecs ocala teal e§1105 per 
‘Shc the mtr of passengers and Yate pede random aries, oa hams 
money colect Cand Treo thereof Wisthe sumo the ances Cand 6. 


ojo + of =(165.5F + (16809) =58967.15, 
“oge the stant devon wate te sure the rac: 
a, = V8 96715 =258231 


‘estan dont seta anu the cle § 232.31. 


sng tepeated abserations from the sme chance proces. Kot 
ce suppose 3 gambler play wo games of route, each ime 
plocing 2 SI bet on either ret ot black What an 
{otal i or los fromm paying two gare? Kari, we showed that 
4X the amount gained on 3 single $1 bot on ed o black, then 
jn S005 and oy = 51.0. Since we're interested the payers 
{otal gain over two games, wel define X28 the amount he gata 
from he fst pane dX, a the amount he gait fromm the secon 
‘game. Then, his total gain T = X, +X, Both X; and X; have the 
same probability datnibution 2X and, therefor, the same mean (80.05) and 
standard deviston ($1.00). The player’ expected gin into game 


oe = i, + ha, =(-$005)+ (-S005)= 80.0 
Since the rerlt of one game hat no effcton the rest of the ahr game, Xi and 
are independent norm variables As res, 


+(e =2 


«and the standard deviation ofthe players tol gin is 
141 


1X, 4% is not the same as 21 At the beginning ofthe section, we asked 
wwhother 2 rlete player would be beter off placing fo separate SI bels on 
te ora single 2 bet on re The player’ total gain from twa $1 bets on ed 
T =X; + X; This sum of random vanables has mean jp — $0.10 an standard 
deviation o = S141. Now think about what happens ithe gambler places $2 
bet on red in single game of rnlete Since the random vale X represents 3 
payers gain fom 81 be, the random variable Y = 2X represents his gin fmm 
BStbet 
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‘Wate players expected gain fom singe $2 et on ed ts 
po=2ox= 21-8005) = 50.0 
“hats the ame a his expected gain fom plying two games of ratte with 2 
Slt each ime Bul thes deviate ple gan fm 2 single $2 
tee 
y= 2m = 28100) = $200 
Compare ths elt to y= $1.4. Thee’ more varity nthe gain fm & 
Single 3 bet than theta gain ror ot bee 
Tafa hone step farther Would tbe ete fr the player to place sngle 
100 et on re or ply 109 games and bet each tn on ea? For the gle 
5100 bet the mean and andar devation of the amour gine wouk! be 
mean = 100) 100,-$0.05) = -$5.00 
sand deviation = 10y = 105100) ~ $100.00, 
For 100 games with a1 bt, the mean and standard deviation of he aroun! 
tained woukl be 
sean = pi, ++ Pg 
= (-$0.05)+(-$0.05)+-.+ (-$0.05)=-$5.00 
vartnce =f, +0}, +n, (UF + (P+ OF = 100 
stonelard deviation = Ji00 = $10.00 
“The player har much chance of wining (orang big ith ge 100 
Eiders lo0spnts! bea Ofcoue, caine seep ean 
Shc cone ca tec 


‘CHECK YOUR UNDERSTANDING 
‘Aly sdb Lp kof kone gornnt jet 
wien tet We maior cecn sll oe mec enel ane ie 


[int nro be rnd lee Fey: Reed on pres ech the pro 
thai detetionn of Kad ate allows aa 


each tmanare ecine S80 bm reach cr sl ae 
(rca creme inde eam ad tdrddevito of e mege 
Show yur work 
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Differences of random variables Now that we've examined sums of random 
‘arbles, fs time to investigate the diference of two random varsbles. Lets 
Stat by looking atthe dfierence in the numberof pasenger that Pte and Erin 
have on their tours ona randomly selected day, D =X — ¥. Since Pete averages 

75 pamenger er tripand Erin averages = 3.10 passengers per tip, the 
[verage diference sy = 3.75 — 3.10 ~005 pasengers. That i, Pte averages 
(0.65 more pasengers per day than Erin docs. We can generalize this result fr 
‘any two random variables allows f= X — Y, then p= iy ~ py lhe 
‘words, the expected value (mean) ofthe difeence of twa ratdom variables i 
‘equal lo the difercnce of thst expected alues eam). 


= pa pa 
te pel the mem of the dir of several dom verte the 


The order of btn ptt. we had defied D = YX, then 
jonprn pan nlt 375% 0 Ineher wend Exn neg 65 
fever panes than fe doce ono hou day 
Terr wet thalthe ranch a of we nependent nd arabs 
tthe mm of he yarns Can ou gc wha the atance ofthe diferent 
two unde aa wil be (if you wee dik meting 
ikesheddeenc th arance” tk apn) Ler a the op or 
‘cera Ona random cated dy the mrt of pense Xn eon 
between Zand 6, snd the mtr of pang ¥on Eo bee? ad 
$:sothediirence he mmber of pncrgesD= XY ten ae 4 
“Tin the age of Died (4) = Hw taal eed othe ranges of 
Xam? The ange of Xs he ang of 0 

ange of D = geo X + cg of Y 
‘Aw mofo vray there ore aia inthe eal othe 
ference han nthe aero Xer¥ alone, Thi sould ate ee, boenie he 
‘aration Xan Be aiton iY both contrat fo the variation nD. 
tfye ell the pocen we used eater wit the adr variable T= X + Y, 
you Can ld he pray dation of = X-Yand Conf tha 
() po= pe r= 35 3.10 = 065 
@) aja ee +f LINS + 0m = 2075 
(8) 0, = 0775 =1L441 
Ret 2 shows tha ju ite with ton when we bac to independent 
‘arom bles, tance 9 
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Lets pt ur new miles for subtracting random variables to use in a failar 


seting 
Pete's Jeep Tours and Erin's Adventures 
Difference of random variables 

‘We hae defined several andor variables rested lo Fee's and Eins our bust 
sexes Fora aon selected dy, 

‘X= number of pangs on Pe trp Y = umber of pasengerson Es 
natn ae cals amon ony hat st 
ee ae the mean and standard deviations of hee rand variable 
fa=375 w= 310 fe =SRSO p= 54250 
x= 109 =O = ORS = 105.03 


‘ORLA Cee mea adh stand dation he eens D=C~ Gate 
‘amare tha ited Ecole nara hse dy trp ach at cate. 
STO Wet hath meal he ence to adem arabes sd ereet er 
meme Tati 
= pe ~ so 56280 ~542.50=2000 

Onnge Pete clects 20 mare er dy E dos Some dys there mae 
‘han 20 ther ds wi bee, et the verge ence arta 920. 

‘ce bert ponsengers Za ae ndpender ado aie, ae thar 
moe calacted Cand 6 Tet, the rr ithe amt he arcs Cand 


‘hein sieares a= ob + of =(16397 + 16803) =53.96719 
sg et wer oy NESBTTS = 29031 
Insel o 


owt wo cacettte  Testandid deat he ence ate aout coca Pete andEini§ 252.31 
Sasser Meat eae ence he mets alee le 20, he ence nds yl 
‘Ploegh Howse? By Soe $232. oe aay 
later oy ene 

31 


Practice Try Exercise $5 


(CHECK YOUR UNDERSTANDING 
‘lng dekh es tek oaks rl es greece ting me bt 


‘ie day, Let X= the me of assed an Y= te ere lemed dee he 
(a ref eines a orden ected Pde. Reed en rvs crc he 
hit dette of Nand Ye lle 
Geolis 0 
Prtabiitype 03 
1 Standard deviation: y= 0985 


Me 


Gee 7 
Prabiiype 0 as 


Mem pr =U7 Stender deviston oy 
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Deine D=X—¥. 


1. Findandinkerpet po 
1 Compe ap suming tat Xan Yate independent Show yor work 


3. The dealengis manaper recurs S500 bom reac caso nl $300 bom 
‘achat lene. Find he mean and dander drt lence nthe mana 
‘oem orn sed and ene Sow your work 


Combining Normal Random Variables 


‘Sor, we have concentrated on finding ules fo racans au variances fa vari 
able. 3 tadorn vartble Normal dsiibed, we can tbe mean ad Mandar 
‘vation fo compute robubliics The eater eample on young woenens height 
(page 351) shows the method. What we combine two Nonna adam yale? 


A Computer Simulation 
‘Sums and differences of Normal random variables 


{We ned Fathom seware ose tala ndepetnent SRS of 100 ebetions 
fern each fo Neral ed xo vate, Xan ¥Pipe 12) 
shams the ress The andor variable Xi (3,09) and the random variable ¥ i 
Ml ecenetivareraseesrasi 

2 The hinge in Fgute 6120) eae val 
we ofXand ¥ forthe 1000 randomly generated cbserations om eachdatiution, 


FED) 


FIGURE 12 (a Mtge shoving eras anni elcing 100 sbsenatons 
tam ne are Norra ado ates Xa) Hse ce uy nd ir 
(ect a 100) endonyeced aetol YandY- 


{ats summarize what we se: 
‘Sum x4 Difference X — 
Shape: Looks Normal Looks Normal 


Center prar= et = SH=4 peepee 3-1 =: 
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As the previous example strates, any mam or difference of independent Noma 
random Yahi i lo Normally darted. The mean and stsndard deviation 
ofthe resulting Normal dtrbution canbe found sing the appropiate rues for 
‘means and variances 


Give Me Some Sugar! L 
‘Sums of Normal random variables fe 
‘Me Starnes essa inhi Ht, Frm eperience,he need betwen 
‘SSand gra of ager ina cp oft fr ve drt tne ight While ma 
Ignis mg i me hc cel po 
sat Sopp the set oar hse packet allows 3 Nor sb 
tions man 21 ram and andar devon 108 ram, 


STATE Wa thepy a Starner tsi? 
Ae Uti mst spade elt Then = mot st 
Iai anette nF 2 = mor a a 3 
Tsao sch xh he ashore stati 
sithmcan217 psd stand devtion 08 yam We eerste ha 
moro srt Stare pots ose hh eyo + ++ 2 ur 
slew < <9) 

00 radon este dni elena es 

Yomulasrbce eas 

Hy = Wnt Hat Bat pig 217217 42174217 6 


rset 
a}= oi, + 0}, + 09,4 of, =(000'+ (000) + (008) +0007 = 00006 


nemaet to uth pon ta he ata os 
Me Stare tenis betmes 5 and grams Fr 65 shows 
eta asthe zea der aNomalcane Toes rea wen 
Sadmdieandee GEA 


ers 

i 
We eS) ee-15<2<200.-08772-0:1292 00800, 

FIGURE 612 Noel ston te anourt asap CONCLUDE. eesabet an BSE hac that he Stare ta 


inte Siamese ee stent. 


Here's an example that ivoles subtracting bro Normal random variables, 


9-369) 
113 mt x= 258200 


ig soem 
1 Nema yo 
Pacos tomar. 
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Put a Lid on It! i 
Differences of Normal random variables 


“The diameter C of randomly selected ly drink cup ta nd restarant 
fallow, Normal dstnbation witha men of 3.95 cher nd tan devition 
£00 ices The dmc Lf radon selected tage it hires 
follows a Normal distribution with mean 3.98 inches and standard deviation 0.002 
‘ches Fors al to tons cp, ale fas be bger an the vale of 
ut ot by soe than 0.6 aches 
“STATE us hepaby arnt sec age anny se ye 
ete! 
Ae Nett edo ae =I Capea eee ee he 
Baers dame Ogata ©0006) 
(Rano ie Dish cn epee Norn ies 509 
(Gon era derive ee 

ie me Me=B80-296~008 
beret 

2] =0$+.0f-(002} + 001F = 00008 
Mesa isons 
= V00008 = 00224 

est fa te phys te tee Distt 0.06 ce ag 4 


‘shows th probably sth ma wdera Rema ie Tod hare mca standart ane 
‘ek 


obit om ms onSRhgSPt aan 


‘Des -089< 2 179) = 09635-01867 = 07766. 


CONCLUDE: Thee abt 270s at radon elcid ged iit ona radon 
hese eco ssa Rou 22% the thd we 
‘ems a ease ih chancef eng that ese Maye the restated 
tnlasensaplet 


Qn 


“The previous tro eumples show how tn calculate probabilities solving sams 
and dferences of ieiependent Normal random varables. Asan allealive, we 
an ase mulation fo esimate these probulites 


376 CHAPTER 6 RANDOM VARIABLES 


TECHNOLOGY CORNER Simulating with randNorm 
“The renatira command on the TESW/S4 and TI-89 allows you to simi 
late observations from a Normal distribution with a specified mean and 
SHandatd deviation. (You can find candies under MATHUPRB on the 
‘TESS/s# and in the CATALOG under Flash Apps on the TLS9,) For 
Instance, randuor=(3.se..03) will randomly select 4 value from the 
Normal distribution with mean 3.98 and standard deviation 0.02. This 
simulates choosing Large cup lid at random from the fast-food restau. 
‘ant of the prior example and measuring its diameter (in inches). To 
simulate choosing a large dink eup and measuring is width, you can use 
andhorn|3.96, 81) 

‘Team the prohabity that 2 randomly selected lid will on rane 
domly chosen cup" 
1. Simla choosing 100 Lage up I at randor, and tore thet widths in 
1 (lth 

Tisyst Ti89 

anacem|3.98,.03,189)->01 elaeat randnorm(3.98,.03,100)->44ae, 


2, Simulate choowing 100 large drink cups a random, and sore thelr dam 
ers in 2 (t2) 
apeoen(3.9, 01,269)->13 stat randnom(-96, 02 


3. Compute the difference between the Il and cup diameters fr these 100 
pi of vax 


tases 


teeta 


4. Coun the umber of ales in L3 (3) that are between Oa 0.06 (You 
‘nay wart ose the wake 3st) int) Tis smb dd by 100 is 
our etimate of the probably 
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Summary 


Adding constant «(which could be negative) to a random variable 
(or decreas the meat ofthe random variable by bat doesnot 

affect ts standard deviation or the shape of is pobablity dsebution, 

‘Multiplying a random variable by a constant which could be negative) 

‘aullipis the mean of the random variable by b and the standard deviation 

by ib but docs not change the shape of ts probably distribution 

linea transformation of 3 andor varshe volves adding 3 constant, 

‘multiphing by 2 constant bo both. We can write a linear transformation 

ofthe andor variable Xin the form Y ~ a + AX, The shape, cee, and 

spread ofthe probably dtu of Y re 2 tallow: 

‘Shape: Same 3s the probably dstibaion of X- 

Center: jy = + bx 

Spread: 5 = [irs 

1 Xand ¥are aay two random variables, 

ear = bx + br The mean of the su of two random variables is the sur 

ofthe ea. 

a7 px ~ py The mean ofthe ference of two random variables the 

{Mtcrence of thet meam 

16 and ¥ ae independent random variable, then there no association 

between the vals of one variable andthe values ofthe fer. tn that case, 

sarances add 

fy = 9§ +05 The vatanceof the sum of wo rancor variables ithe sn 

ofthe varances 

0 y =f +0 The variance of the diffrence of two random variable is 

the sun oftheir varances 


“The sum o dlfrence of independent Normal random yartable follows 3 
‘Nowal dtnibution. 
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Exercises 


(Crick The len in nce of ect chen 
slieedonikrs bailed weken weabieX aN 
seers Joti toe dare 23 ch 
Fred te men rd ond dvi of 
Yotarandomly chine evcket bom the eld 
sonoma Thee as ioe oo 


[Men's igh A rept of he National Cntr or 
eal Statics sy tat the bight of «Zend 
ine ort pro i rls athe os 
‘ean 58 fet (0) and andar devo 0.24 

Fd he mea ad tna devin othe it 
Jofranlomly sled year man enches 


Then ae 12 nce in fn 


Get on the oat A sl ery rn every al hen 
From one ideo «ape roe ater 
early cme er 


Thera 
ber oun 
reba 


Ge tT ns. 5 
Praia 0112 00S 008 G16 027 042 


(a) Te contr the ey ip 8, Mate raph of 
‘he ply dition rd caesar 
IM = rooney collet na dry elated ey 
fp. Deseret hope 

Ub) nd al inept 

(+) Conte wd erect 


Shoe Rall Ana dete Sh Rll player oe 
phe) who aly alls forthe Spelt The 

Probab derton of Ntsc Nome 
Fal fhe al show ew: You can check tat 


j= BH adn = 1265 
Sore a a 
Probably 052 027 019 aS 007 


(9 Apeger ecco cde on fe rvs 
‘rey 10 pts sored Make spp of ie proba 
Sy deeds for error arb T= mer 
uct Ana pet on andy slect ow 
Daekeaeioe 
(0 Fiend cooper 
(©) Compt nd iterge y 
Earns 39 and 40 eb th fling cing 
Me Tl gue her lan «I.goson ipl chee 
‘ge Let X= the bro ction that remy 
‘Siete det the lan ateered comet. The 
seaplane lor 


‘nthe qtr (ow of 1), Ms Hal wl ply hin her 
nbc of eomet avers by 10 Let C= the rae oa 
‘mend cane set te lan 

% mean Medien setey Kin ax 0) 
2 gue 


in) Find the mean of Show yout mth, 

(6) Fad he staan evan fC. Show our 
rth 

(6) Hw de he vere of Xd theyre of 
“compar? ft our ane 

9 any guia 
(2) Find the mean of Show yu ete 
() Fide IR of Son you metho 
(0) What shape won the probaly dition of 
{Ghee hati sour mower 

41 Cote the ott Refer ose 37The ery 


cmeny cope on S20 pp Deine he 
‘andar srl Ye be the emt rot ron 


(a) Hw ds he nome relate to he ea of MP 


Fs yur enone What the practi pane 
ter 
de the senda deviton of reat 
(he tended deviation of MP Josh your rover 
Wistthe pected ampere fo” 
2 The Tete PA Mo nae Canaan 
peer mapeens ete Here 
Se smnplelaney wap, Fon te TeSite Pik 3 


ex 
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grt at Nor Hage se st Mier 
Cement You che smart 3 

tod the tate ches ede wena emer 
‘arbor ar pay 500 your eae chem 
[eowne thee a 100 urbe ws ce pm yt 
ree 00 ef winning Taine ioe the 
smut yourbrt pr yu, Be pobabin date 
"ona 


Papo ry 00 
Prababiios 07% cont 


(0) Show tht i me ad ined dion 
Rucpe = MS0ondoy 350 
(8) Wyse et perigee 
WoN bet tpl Fed 
remedied dace Wt kof 
fewrernerde 

1. Gata nt Bad fc nin ro, 
ie parapet 
pide Weteabalac boomy peat? 
Ste elelee ener 
$F hc nod td dean oY Si 
peeks 

1. Making pro Rte Pan paige or 
Inve The nado pot Gm macs of 
‘ia ner baton ama ea i 
tore ay te 


hm 1 ssw 
Pwobbiliy, 020402 Ot 


aw on da et, = andy = 252 
fates Fenn ns eon fe S000 gen 
1 the roa X Soe Bm actly ca 
[= 06103 fom he imestment Fd the meas 
tnd tan deus of he wen tae 
‘cl sa en thereat 
15 Tao eo a the ain? Ding he wer 
the Starnes Clerc ean can 
stay wel bho Gang (Fo OC) wee 
te To pee cpp ese Ni Saree 
tether Se akg il 
Titre Hat othe eo patie 
‘chit wihight Unk te er 
er pagel cae Be epeato 
Alger Crum Bae on evel yen’ week 
{1 the mpetie Tn the ant et on 
tele ced ni lls cea a 
‘it es °C wd ded Sos 225°C 
(a) Let =the temperate te enbin at 
‘hight on roa led meh 
Fen (eal ht F= (0732) Fd Be 
‘en ad sed Sevan oY 


(0) Find ic potty at te midi temp 
‘eacin the cabin blow 41°F Show your wok 

Gevalia —— 
(sistne 95 eons of cereal at the amit 
‘Sfecreal Xin endorsed bow lows 
‘Narn dtration with mean of 97D oumees ard 
tended deviation of ones 
(a) Let = the aces amount of eral yond 
thats adver a randomly sclevted bo nee 
‘eed spe ae = 24-5 pram inde 
‘eam and anda deviation of 
(Fide pobabityof ting aKa 3 gars 
‘mete crea han averted 


ocean 
Satter 
eee eli 


Caray Troe 
PO, 02 as 03 Pair od 
Tor=158 pm 26,or= 0917 
$F Som Let the rade yriie T= X+-¥. 
(a) Pind ll pombe vas of Cont the po 
‘ay tha Takes each hee values Sumarioe 
‘he probability dation oT aa 
(Shaw hal thesean of T egal + 
Conf tht he variance oT ul 6) + 
qsetaneate 
46 Dithrenee Lethe tad varie D =X 
(a) dll ihe vabues of. Conput he po 
‘hay that aes ech the ahs See 
‘he pcbliydeeton of D in ae, 
(1) Shaw hat the ean of Dis egal 4 ~ mp 
(e) Canon Ht thereof D seul + 
Checking In whieh of he allowing 
pemcsnchance would yu be wg 9 mame 
Scene of Ken in rang potalaty 
‘sot Kaplan yur envi ene coe 
(a) Ia aku ow ae dealt cara cine 
‘Sect ets Xm th cad ee src 
10 pant Yauco come ob dealt atercand 
enlemepet bandon ths tal pts Yon te 
= 
(b) incre the btn ned on cee all 
‘ie de Xe the mf the oes onthe Gol 
(Sarin sono th feo te el 
$9. Cheng tegen Fr a of ello 
‘suatora woul yoo eapet the rane vail 
Med beeps ih gear 
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(a) Xie th nin inches ot Newer of 
Shiyear ond the mal a the se ation 
Tanlletoret 6 eo 

(b) Xie the amount of inl dy, and Ye 
‘nil the wee ation enor 

(c) isto’ anil ot te oper Onan 


Foi, and 


Yi todays itll Dy World pt 


‘ote Orland, 


inane earings ty of woking couples 
meats the meome Nef the head sd 


Ineame Yo 


sic bah parte an 


iti slog ramet aphate 
tla 


Thee the mes pal py ad the vate 9 
tnd of byron the population 
(a) it yeaa fo tbe the wean the ta 


Income Xt 


"to be y+ 9? Expla your me 


(b) ei eenble ota the ance of tal 
Income tbe + 9? Esplin your we. 


habit The sea ation ad ta 
Fatt nal lends oy an er a 


thon of nal The Tabanan 
‘ide STUN et that meses 
thers The darbtion of SHA sors sno 


the women 


cole men 13) ard rd 


Aevatom 2 and the dbo of res aon 
te ets es an 105 ol ded evan 8. 
‘Youelct angle mal sadent d inge Fole 
shunt tr ard pve her he SSE ket 


(a Ba 
pdr 


hy ramble an a the 
tv det oe depended 


(b) Whatar the expete vale wa sandal de 
hom ofthe ence emule min mule) bet 


ther sore? 


[c) From the inonation gwen you Fa the 
roby tht he werner Choc coe 
Fane a Ws, Bea thi probably Wr, 


‘pie hy 


‘cane. 


‘The Ti State Pick 3 Relea aenine 4. Sopene 
yt boy aS eet eh ho int pe 
[a) Find the eam and stad deviation of 


tol pel 


Ib) Fd the mean and stand denen of 


Show your wok. 


taal ening lnepeench of tio alo 


“The Tb State Pick 3 Refer Kaen 92. Soppine 
yt bya Bk 3 bet eer dy for ear de) 
[a) Find the mean and std deviation af four 

sil ga Sac 

(0) Inte ec ofthe rs oe) ede 
_NVihwe aie Yo ae ese sri 


baer 


hema ab. Both ales pee orem 


‘hata a ht repeated waging of the ame 
fom Whe tor weight ox compoa e200 um 
(the Stale pode teacngy Xt ne 
‘wear 2000 and teed deviton DO? y The 
Secale tig bares 2001 gon 
‘Senden devaton GUT g The agp Xan Y are 

Find th mean and sandnd deviation 
hike dilence Y ~ Xbetneen the reading Inter 
preach alin conte 

56 aay erm Typorrphial and pling cro can 
Lecter momen enon” er ord eon” A wot 
‘sender ta el word whe "Ue" ped 
ek Awontcrmrie areal word but not the 
ght ward. whence an lone™ Whe 
‘dens ane edb we 3rd ey thou 
‘pl chek) the mune of ramon ron XT 
{he flows poli dion 


m2 oe LI 


“he mens wnt on a hi rab 
debut, bs 


oxy 02a 
mad =i 
(a) Pind moan a anda deviation of he 


(ScrnceY Xe de ter era by 
‘ely eke ede lerprs cah alb 


« id th pty do 
petunia aerenroed nettoanie? 
om 


ee 57 and 58 mfr the lig ming a Es. 
(ons Ind Wel Soon 6, we xa pba 
Wyakteten dle ceteris X= teemcuats 


Uk ren company an on «Sear le poli 

(Cisne ea at = SB andy = ST 

‘iim The i ating oe pene ie 
‘sree wenn many pope Suppene tha we 
‘eure to ZI earl nls ord ht gat 
(ah ndpendend ad Xs ae ee 
{ecemeente te mnae pe the ers 
‘romp none Wn ef ple 


w-X2% asx sas, 


Find fe mem ad sted donation of W, (ou 
seca ees ee ieee rn he 
elie bet he standand dvs Te) 
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1 Lieimarance Wie Zara men ned, Seo ander car suis the NON ee fr 
pape ae cSturcbassnais ta ae tieueAy 
Ea pote tht te le na te 

ASKER SN aos, +025%, +0258, 025%, lange a the vale the attendant oinerved. Fallow the 

ae 

hr K the incr fm ing oe ma I Noes pve Carel ftir 
ee ele ea fish aptertnpeeened 

‘eva ples winded, Bd the mean eect sige mec iat er 
rider) See of pesca eth eleel ton aera remit 

Revel 57, you so a {fe hee lc ol ye eer pln. 
ncudgnemnrrhentstpbaidersiai) | Suvec an GaRelerliion were 

: (byw cach cre ren Neely wh enn 

2 Teen mete Aber coterie Ae Hai trend deviation? (The ato doe 
‘rorkeropelrm a epee ek a dat show ‘eck im quemin andthe accent ofthe specie 
Mor Digest ea ‘qosin naa he aden) Tht 

iaclncrdaten diag ‘Tose oe independent. What the probity that 

Fa — mm eer! te sees difer by Sc more points im ether dives. 

te trtronbg te Nomad dra ith et enemies 
1 seconds and standard deviation 2 seewnds. The Le. seiop process 

Aig oath pote tic chan billows 63 Swim eam Hane High Shoal hat th be 
' Nena atten wih teary 0 cmd rd women ote et fe eo, The 40- 


Stand deviation second The say Gd at” es cn ela fen eee hs ea fn 
Thetis ruin fr the be dear tndeperdent. "UE" — ae 400 cer rece, ca oer vie 


puter loge pnt, force, iD mcr Te tn, net 
‘Leva ue mune orf tee stcian ater” Mi stern cm spprioncy Normaly 
i ee 
(a) Find the mean and standan deviation of the pegs bap hpeeterel 
te ropied erie praia peting men od pay 
papery = ‘cdc te he ee! Fy 
(€) Management’ pol forthe entine procs to an 220 secon Fallow the hte pce, 
teow 3 ae Pd py at — sn eon, 
Stegall bret Sheer Ss oa a 
60 tis Th dn hme * a rn 
‘hea ee bs 1 hn nd ome = 1 
pee a » 


4 Tenth Kenting ors bin, Heh 
‘ere Sone ae ope a oped 
Sr iihe hale tp The tment of pe 


100 chim ar teed devon 25 ary whe ‘ sag actu wane oe 
that fens ar mca 250 ar ad eee 
Studd deviation 28 obs. (13 nnn ned anda deviation 0.12 nes, 
(a) What ithe dst of he tal eitence Neb efi es ring te i, 
1S tro cmp in ese? ‘shat the pti Sat he Teall ete 
(b) What ithe hat the tl retence ‘the tae? Fallow the ray prices 
Hes etneen 349 and 355 chem? Show yo ek pe inet 

61 Auto eminione The umexst of aren suck and ich refer to the following setting. The ner 


1 (NON) prt inthe cat ofe pital pe selina one one ring of etn bet 


Mp shem asco ox tear acoeg towel sal arama blew a 10 ted de 
9% an aces Lt par pero ia) Sano 12 Te of ie ef ak 
frre ern har agree Tone a Pe EE 
‘Sketalean ftintgpewiced Oxrhe'L le! 12 Farben ys one sees cel ik U2 


‘BioENON, theatre 19 pink Thetetstaton capafwhst mat Let the rane are at pr. 
fehl enya pate remy pr pak ses ary 
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Bo Tewenttie 

(=) HO. (140 fo) 180.) 195. Ge) ZL 
(6 The sandr deviation of Tis 

2 OG) Ser nH 4 
57 Static for iemeting 2) Jc rtmement plan 

Inve in acts rh "dex at 
lee the behind mart ea 
mea bythe Starland Por’ (SAP) 500 sock 
Index oc wars by tl ond tha does a 
tc the wade cll He rend hat tly ce 
Foe Fey Tetlogy Fund have conelaon r= 
(077 with dhe SAP 50) nde nd tat Phy Rea 
tate Fund hs corclaion += 057 withthe index 


re) 


() De the infra pen locating 
seat Se 

(62) You phan thet stock 
SS The keegan 30% arn 
hy. hh rl i 

ae independent feck er Yo 

fneaactod ceeds 
(a) What the pone alae athe okies Wo 
‘Lp and wt probaly foreach ale? What 
he thatthe aoe enh move ar 
‘ordre Ban he $1000 yu pid or 
(b) Whats the mean alae of the ck alr no 
oe? 


| Comment Ya sx that hee eo rer pe dir. 
‘a mime tothe question “Should Te") 


a) Which hn ad i she eit 
‘mum fo the eck mare ta whe? How 
ym i? 


Binomial and Geometric 
‘Random Variables 


In Section 6.3, 
you'll learn about: When the ume chance process repeated several times, we at often interested 
Monit ner pra oncre doco doc happen es repli ee 
i nltbentlmeden steve samples 
Pinte « Ted water smane ha ern perception (ESPs neo 
 Hoomi potting arcanium at, woe com orc A epson yh 
ios Cl wt ecg Doha of 90 ins ad ety ad 
anda pent eli chet) Chace one: home xd do, cont 
deviants 8scmt Fine perm ec coed, Rann he X= nro 


Correct dentiiestons 


* 
a 


‘Inthe game of Pas the Pig, player rolls pai of pigshaped dice. On each 
sol the player earns points according ow the pigs Land the player gos 4 
“pig ou in which the wo pigs Land on opposite sides, she loss all pints ezrned 
‘that round and mat phe pie tn he ext player player can choose 
tostop rolling tay pot daring he hm and o keep the pani hat she a 


‘Section 6.3. Binomial and Geometric Random Variables 383 


‘camed before paning the pis Chance proces cll he pig dice. Outcome of 
‘eet pig out. Rado yriable T= ruber af rll unl the player pgs out 
* A shipping company claims that 90% of its shipments av on time. To lst 
this lam take 2 random sample of 100 shipments made by the companys 
‘month and sce how many arrived on time. Chance proces: Randomly sloet 
shipment and check when i sived. Outcome of intent artived on tine. 
‘Random arable Y = number of on-time shipments 
Some random varables, le X and Y inthe fist and thi examples above, 
‘count the numberof times the outcome of interest occurs in 2 fixed number of 
"They ae called inom rnd varicles Other eandor variables, 
‘Tin the Fas the Ps sting count the number of repetitions of the chance 
proces it takes forthe outcome of teres to oceut. They ate iw s geometric 
‘random variable: These two special types of discrete random variables are the 
focus ofthis section 


Binomial Settings and Binomial 
Random Variables 


‘What do the following scenarios have in common? 
+ Tow aco Stimes. Count the amber of heads. 
gpa rete he times Reso how may neste bl lin ae 


ae sandal 10 abs mn Spat: Ct the 
smarmber of females. eevee 


In ach exe, wee ral of the same chance proce. The 
tuner of dr hind arose: adn xcs lhe 
‘ct n the tse of ay ter bal That the ie indent Were 
inetd tthe umber of tines that» spec een (wel ell "ccs 
tccu Our hance of etinga"wiccen te amen at al, When these 
Condoms sect weave bem etn 


‘When checking the Binary condition, note that there can be more than two 
‘possible outcomes pe rials roulette wheel has ubered slots of three color: 
{ed lack, and green. we define “succes” as having the bal lnd in red slot, 
then “are” occur when the ball ands in a black of 2 geen ot. 
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“Think of toning 2 coin nines aan example ofthe binomial sting. Each tx 
ives either heads or tail. Knowing the outcome of one tox doen change the 
Probably of ahead on any othe ls, othe toss are independent f we call 
Freads a sicess, then p isthe probabty of head and remains the same as long, 
atwe om the ame coin For ting 2 con, px clone to 5. The mamber of head 
‘ve count ia binomial random variable X. The probability distibution of Xi 
Called 3 binomial diribation. 


obsbiies lo outeoes ad how 
etal tandom vartable For 08, 
it important o be able dtinguish situations sn which a worl datbuton 
dos ad dest apply 


(2) Genes says thats cigs rom acho hearers independ Each ch 
‘apr p of pers has aby 25 ofharng ype Oesd Spe hve rete 
Nave cies et = the momen type Od 
(0) Shea deck cds Tenover te st YO cad onetime Lt Y= the rambo aes 
rusher 
(c) Stueadect oad. exon tpcan Pit thecanack ate ec nda 
apes he pres tyne once Lt W = the amber ofan reed. 

soto 

(2) Tose hic binmia seeing mecha te BS: 

+ Blan "Sess = taste ood Fala = dost haw ype Oiod. 

“+ ndpede ies hart genes eer ody dependr omeacht hee 
pee 

1 Nambr Tee ares Stroh cance pres, 

+ Sacess The pobabiy fa secessis 025 one 

“Tisisa ema setig Sc este nanbr of cesses sabia random are 

vichpumeterer—Sandp-025. 

(0) Lerch ne 
1 Beary "Sccess" get ane Fal = doetget ace 

1 nip tyne. hr ee ca she 
edith dec Say. aes conan 
Sener 
Bec th Wile depen is gnrtaomil eig 


Inkpen Beane oa replacing tecnica sling caching th est 
tone al dost ce etcome fara. 
1 Namba nanber ors no tina You coe eae onthe est canyon 
‘roe or maya maya tage ace 
Bec theres deme f iss ect soma eng 


@eereeen 


Part (c) of the cumple raises an important pont about binomial random vat 
ables adtion to checking the BINS, make sur that youve being asked Io 
‘count the number of sacceses in certain numberof tah, In pat (you's 
‘asked to count the umber afta until you eta sees. That ea te abino- 
alrandom vanable-(Asyoulsce ate, W actualy a gometc random variable) 


‘CHECK YOUR UNDERSTANDING 
Fr each ofthe lowe uti, dcersine wheter the he rand aril at a 


Iara! detour one 
1. Shale «deck f can Tam oper the top cad Pt he cad ack the deh an 
shade esi. Repeat thin rose 1D anes. Lt =the mer of acs you ober 

2. Chome the wnt tom from your clam Let Y= the mame who te oer 
st i 


3. Fp coin I ed ll ald be Wis al 
omen Stones Let W =the mink of you ll 


ot 


a Halded de Repen 


Binomial Probabilities 


tna binomial sein, we can define andor varable ay, X) ay the mumber of 
sceees nt independent tia: Whats the peal tution OX? Leth 
fe fan example can bp abe ome light on this question 


Satiarauars 
Calculating binomial probabilities 

ah chi opts po paren a proey 025 ing 
Ot mt Sen eae fa 
— te parte 5 Che cst 
DX of Caton wi ype C Meds Berl son ie wi 
f= 5 tek ed pcb = 25 tances one a 
{ig ach vite O ood sce () sod ct yi ater 
Bd ype ins (Fy 
Whats PX = 09°That ig wa the pai ht nef the chi 


dren has pe O bod? Hs the chance that ll S children dont have 
‘O blood. The probably that any one ofthis couple’ culdren daca 
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have lye © Blood is 1 — 0.25 = 0.75 (complement rule) Byte mutilation, 
‘tule for independent events (Chapter 5), 
AX =0) = MFFFFR) = (075) 75075075075) = 02 
Horatot P= 1 Thee sve ira ain wich exact fhe 5 
‘ili le pe Fert ca ee 
oI ng en o} 
pte hoppems i bard 
ISFFFF) = (025) 0.75)0175) 0.754075) = (025,075) 
‘Aemaiey, hikl 2c be th one thas ype od The serepning 
aby 
ARUSHTA) = (07540254075(0754075) = (0254075) 
‘ee epi er: 
AFFSFF) = (0.750.75Q0125)075Y075) = (0254075)! 
AFFFSF) = (0.75) 0.75}(0.750.25}0.75) = (0.25}0.75)* 
FFEPS) = (0.75) 0.75(0175) 0.75025) = (0254075) 
tal tee ae Se en ny in which ey 1 child wool! ve pe 
(blo each waht se peal of occa Ars es 
X= 1) = Peet child wih ype ad) 
= SrFED) + RESERR) + MENS) + MVPS) + RFE) 
= 025,075" = 030551 
“Thee about 40% chance that ext 1 of he mpl 5 cide wil ve 


= 
e 


Ls cnn with ena am te prvi empe Wha i ewan 
tafind PO 2) th pay a acy coup che ee pe 
(blo! Bec tt nti dea dep on te pti sting wu 3 
Seem snd fr eset Dee wt ino pawn he 
exile 

Step Find he roy at pce 2 ofthe 5 i,t i the 
think -pe meeene Toni corer SFSF.Bocme sncpee 
tiempo er ndapesl vents py The pba we was 

PISESFF) = PSIP(F)P(S)PR PF) 


= 02570757 
‘Step 2. Observe tht any one arangerat of Sy and 3 Fs has this se probabil 
‘iy Tiss true because we mally together 025 twice and 175 three ies when- 
cer we bine 2Stand 3 P= The probly thatX— 2 athe probability of geting 2 
‘Stand 3 Fsinany rangement whatoer. Here areal he posible arrangements 
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SSFFF SFSFF SPESP SFFFS FSF. 
FSPSF FSIS FPSSF FSIS FFFSS 


‘There ae 10 of them, ail wth the same probability. The overall probability of 
ouecesses i therefore 


PX =2) = 1002571075) =0.20367 
“The pater ofthis calculation wos for any binomial probability, Tati 
[X= A) = Meaty ksnecenes in. ia) 
- mumber of anangements pt — pj 
“To we thi formula, we mast count the mnber of arangemens of k succes 
inn obseratons. This sumber called the binomial coefcent We use the 
following et a do the counting without actully isting l the rangement 


tonal ‘The formals binomial coefficients este fatwa, For any po 

tie whole ube for 
st = nn — 1yh—2)-. BNEK0) 

In adetion, we define ot = 1 
"Tle ofthe two fcr the denominator of binomial coca wil 
‘cancel mich ofthe ni the mumeator For example, the binomial coficent 
tre need i order nde probability that exaetly 2 ofthe empl’ 5 eben 
Inst ype O blend ie 


(}-- Sunt - Bit 10 
si” expaKh ~ ex) 


“Te binomial coefficient () it matrelated to the faction 4. A hep 

eg oemeter rmemiog oven nS home” eral = 
Semapaepeite ne “cents have amy tor bal we ae ceed them on aan 
Sevcratal/et 2 Ging bcm petal: tou need computs sbi oe 
rama cote ‘teeyour coker. 


mend (2) a pen ES 


“The binomial coficiet (count the umber of ilerent way in which 
suecenes cat be atanged among tral. The bina probly PX = 4) 


isco mpd te poy fam ne pete renga eb 
scene Here the et week = 


Whe nse are 
ora emir) 9 
leqroen te petie 
eck omose hy 
‘at ve rows Fray. 
(ia le Baan 
oma ocean a 
whoa 


We could abo tse the calculators binompal and biomed commands to 
petfra the calculations the previous example. The allowing Tecnology Cor 
er shows how to do 


TECHNOLOGY CORNER Binomial probability on the 


“There ate ro handy commands onthe THSW84 and 89 for irading bino- 
‘nil probable 
‘computes 1X = b) 
‘computes AX <b) 
“Thee two command canbe outed in the dsebutions menu (2ND/VARS) 
‘on the TESS andl i the CATALOG under Flash App onthe T189, 
or the parents having = 5 chile, each with probably p = 
ype 0 Mest 

PX = 3) = binampas.0.26,2) = 008789 
“Tofind PX > 3), we wed the complement re 


of 


fT INS sacay [OUnOnPaRCE: «25,5 
i Somses 
ee 


815625 


PX>3)=PX=4)+ PX=5) 
= iemepas.0.25,4) + broeepd(5,0.25,5) 
= 101465 + 2.00095 


amt of in wh pend 


FIGURE 15 Hetoga 


Mean and Standard Deviation of a 
Binomial Distribution 

‘What ds the probably dunt of ion random varble lek ie? The 
tte icon le he rai sd coop aii X= 


Shemmer chiens Ob Th ado arabe 
r= Sandp = 025 Fue 1 shown ahaa ofthe potty ato 
Wee 0 1 3 a4 
Probebittype 025730 03055102667 aOwTAY UIs colons 
Lets dott wa we 
‘Shape: The pry dino of seved the 
eh Since fe cance ty oe of he come i 
Senha ngs Odd nh ic a, 
cot techn wl ve ype Sod. Ln aie 
6 ah ori 
Center ‘The medan mum of chien wt pe © 
Sood heat that were St pent the 
‘Seton Howson te mea 


c= Diep = (0/0.23730 41039551) 40 
(5y0L000%8) = 125 


‘So the expected mumber of chikien with ype O blood is 
3. 


hhave this blood ine fm ether words, x = 5{0.25) = 125. This method can be 
‘wet find the mean of ay binomial random variable with parsmters mand 


=m 
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“There are sty simple forms forthe variance snd stander deviation, to, but 
they arent a ex explain 


2, = Sop P) 


IO = 0968 


‘Remember that thew formas work only for binomial ditributions VY 
‘They cat be used for other dsributions 


Where do the binomial mean and variance formulas come from? We 
‘ean derive the formulas forthe mean and yalanee of s binomial diatbation 
ting what we learned shout comnbining random vatiable in Section 6.2 Lath 
Mart wih the random varable B thats described by te following probability 


Vale by ot 
Probability i poe 


ou cam think of Bax reprcaing thereof singe to sane chance 
rove fice occ potty thn B= I ae oc, then 
‘Stic that he mano Bi 

a= Lhe Oy — p+ Kp) =P 
nth the vatiance f Bin 
Dib — ar=(0— prt —p)+ pip 

=p Pip+(1—p) 

=-—) 
ow conde th dom rn X= B+ By +--+, Wea thnk of X 
coming fhe mer of eee aw pdt of hme poe 
ony ch tel ving semen ray fear wench, Xa boca 


‘andom variable with parameters mand p. By the rales from Scetion 62, he mean 
OKs 


besa tig + the, = PEPE t= mp 
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andthe variance of Xi 

Bates, 
= pl—p)+ pl —p)++ pp) 
=™1-9) 


rose 
(0) Epiniy a Pace radon arte 


1) Falta dd iin ne. 
()ofte2 att cl 3 mado eins cme at 
Me Basis atc ieee apt tyre 
saumon 
(a Aug adr pang he hey masts eon! 
‘cnc pen etc RS 
+ yO n= coc tein ‘Yh = rac ie 
+ heed Onsale et 

+ Naber ara 

+ Sema an p= htt cect 

Siri tebe csi nn. Dende, 

0) tema 


== 21018)=7 
Wed pet tet me hd sade. soe 7 stad toes cacy The 


‘hestletshnelesthans Tune ot geting so manyrigtiftheyae als guesing. Tike 
Stoner hat sme ofthe starts the esc tele strom ap att 


A211, eet 
ea rn mee 
(eat pty mt 
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Figure 6.16 shows the probabiliydstibution forthe number of comectguoses 
Jim Me. Ballads clas if no ane can tll bled water from ap water. As You cat 
se rom the graph, the chance of 13 or more gvessng corey ute mal, 


Neate pe 


ROURE 616 Hata oh abit ren x oil om ate X= mi 
ter clcomet pus Me Bloat, 


‘CHECK YOUR UNDERSTANDING 
Bh revi hak Yous Underting age 9) nt Nn. Des 


poten reas eed 
= 

Tea tertentonot 
iosemiaems 

Ppa tet vente 
LMbmtshooen— 


Binomial Distributions in 
Statistical Sampling 


“The baomil drsbutions are important in statics when we wish to make in 
ferences shout the properton pf saccsaes i 3 population. Here an example 
tnvoling 3 amar predict 
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sw a ect apart an 
Job bee apart pra lope tice 
Peseta eee ma ee ere See 
yale caddie pentyl gana 
Le arama Orme a eer 
arate ees rene ata esas 
Preacher 


x= 0)=[9| aioposo 0347 
peat poi of ting ode CDs 


‘Those to probabilities ae prety clone! 


e 


tx sampling without replacement lads toa 

Alto al ealwold sampling, such 3b 
teres, done without replacement. The 
omnia datibation in the tte set 


As the prevoas example i 
violation of the indepe 


population. What count 38 
hes 3 good appre 
population 


SR 2277809 Yabo Relacenert Conon [A 
Wen nig SRS of an mo a pop Nw cao 
Micntl aStlen nde i cout ree hee ng 


Here's an example tha shows wy t's important to check the samphing without 
replacement coration before calculating» bxnomial probability. You might ree 
‘ognize the setting fom the fist acti in the book (page 5. 


Hiring Discrimination—Tt Just Won't Fly! 
‘Sampling without replacement. 

Aniline has ju fied ining 25 it ficrs—15 mal nd 10 eale—to 
tecome coplane: Unfransey, cy gh copa postons are aalabe night 
tom. Aine managers dei o eatery fo etemine which pts wl 
the asble potions Ofthe 8 capaine che, Sarefemsle nd area, 
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"PEOSLEM Esplin ety at 5 ema pets ae chset naar wt 


ra=9)-(2) esorosop 0324 
WSigP™ 
SUTIN The managers are samping without replacement when they do the lotery. There's a 
aasacadtrs 


anaes sapling et ot 25 psalms So he plaice Tat pis wy the 
iam pbaiy oy abort 17200180 106) tome conc noe. 


Onmmre: 


‘The Normal approximation to binomial distributions* As n gets Ler, 
somthing interesting happens to the shape ofthe binomial dstnbutin, Figure 
{6.17 shows histograms of fori dtibations for diferent values of and. 8 
the marr af obueration gets age, the binoialdatibation gets cose to 3 
tal dstrbaton. You can investigate the rlabonship between au p yourself 
‘armal Approsimtion to Binomial applet tthe books Web se 


wing 


cy) emp esp 


FRGURE 617 Hatz fbi ese wi a) 0 10 arp = 08, (n= 20nd p= OR ane) 0 and 
p= 02 Aemrcrates, be tape ibe pebabity atten pes mov and moe Neral 


When 1 i lane, we can me Normal probability calculations to approximate 
binomial probabilities. Here are the facts 


‘temp = 9p al star ering = p= PY 
‘sabe of tsa we wil tn Noa aproination when 
lage tat 


mp>10 and mi_p)>10 
“That, the expected number of success and failures are both atlas 10 


“Tange pment be AP Sees Senet ce mi pen 
eee tering aoe ae 
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‘The Nonna sppronimation sea to remember because itsaysto act as fis 
‘Normal with etety the same mean and standard deviation a the binornal. The 
accuracy ofthe Normal approtimation improves tthe sample size miereates, Ih 
is most curate for amy fad n when ps clon to 1/2 ad leat accurate when 
isnear Oo I. This why the nal of thumb in the box depends on p as wel 


Altitudes toward Shopping 
‘Normal approximation to a binomial. 
‘Sample surveys show that fewer le ‘shopping than in the 
Nyala pt os S80 we 
aged dragecd et te png ver te bl epg 
cA feng leery Te tin te 


‘poll want te draw conclusions abouts all US. aged 18a 


OREN Sappose tat cy GOR ot a abd Seles would sy Age 
asad esa question Lt I= thera ample wh age 
(a) Shoutha Fs approcetey sbeoiranem arabe. 
|) Clack cnn ming a orl aprotinin this eng 
(6) Uses Norma stein estimate the pry that 1520 mort he sale 
SOUTER 
(Leste ne BOS. 

1 Bary Sates = age shop i strat ae = dr age 

+ Independent Beco tee eet 295 mio als inthe United States theese 

(1250 radon che ss a er oe oped 

"Naber heaves 250 res cee pce, 

+ Sazcvs: Th pbaity falta hd whe apeslp = 06. 
Sothenamberncarsmple wo pes hoppy setting random arable hin 
route Wom stro t+ = 2500 mp = O68. 

(0) Sacerp=2500(06) = 150020441 — #=250040.4) = 1000srebethat et 10, 
ppm 


shone sf sing he Norm 
(6) Actas thouphthe com has the ermal arin nh the same mem ad standand 
“evatorethebnomalamtreeton 

=p =2500(08)=1500 mi = Spf) = VEBOOGHOA)—2649 
Seanad ges 


1520-1500 
a 


‘epohaty wears 
E> 1520)="Z>000)=1—07338=02061 


‘Section 6.3. Binomial and Geometric Random Vaiable 397 


Figure 6.18 sa probability histogram ofthe binomial distribution from the x- 
ample. As the Normal approximation supgest, the shape ofthe distrbation looks 
‘Normal. The probbiy we want isthe sum ofthe areas ofthe shaded ba. We 
ce get this answer using the command >-benoncaé2560.0.¢,1518), which 
‘elds 0.2151. The Normal approximation, 0.2061, mises the more accurate bi 
‘oma probably by about (07. 


Geometric Random Variables 

tna bonis theme of ia eed in atance, athe inom 
random arable Xcound the mmr ofsicees The pombe valevolXate 1, 
{Ls lvoe ators, he gal epel chance proces unt a men 
ll pt of ie wl yon et oes 

«fa antl tempt three pot shot ntl you make one 

«Keep placing 21 bet on the mb 15s te ul ou win 

“Thee ate al eampls of geomet setting, Although th miner of i 
faedin sce, abate depend de pretty wacom ean 
cont. 


Here's an Activity your cls ean iy that imohes a geometric sting. 
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+ acriVviTy The Birth Day Game 


‘Your eache planning to gie you 10 problems fr homework Asan allemativ, 
you cat agree play the Buh Day Came. Here's how i works A student will, 
[Reseleted a endom from your clas and asked to gues the dayof the wock (fr 
‘instance, Thunday) on which one of your teacher’ friends was bor. If 
the student guesses comet then the cas wll hae only one homework 
problem M the stadentgucses the wrong day of the weck, your teacher 
tll once again select ashen! from the clas at random, The chosen 


ARP PrgRTHOr,—_akst niin se nn ft nek n whch int ano 


EXAMPLE 


Sour teachers Bcd was brn ths std gett gt, the cas il 
Have wo homewerk problems The ye cotinnes uti’ stant cor- 
rely ess the day on which ane of oot eachers (mary fends wap 
be YouKeacher wil asin abc of homework problems that 
qual othe total munber of genes made by tebe of our clas, 
At you ely to ply the Bit Day Came? 


Iva goometric sting we define the random variable Y tobe the number of 
teas ceded to gt the fiat saece, then ¥ called a geometric random variable 
The probability dsibation of Yt geometric dat 


random variable and geometric distribution 
fo ata succosina goons sting & geomet: 
irauton Ysa geometric distribution 
sues on nyt The posse vaso Ye 


Ac vith binomilrandonstartable, important tobe able to distinguish its 
ators n which 3 geometne dbo des and doce ap 


The Birth Day Game 

Geometric settings and random variables 

“The random variable of interest in this game is Y= the mb of arses it takes 
to coneetls match the bth day of one of your teacher’ frends Fach pues one 
tral ofthe chance prces Lay check the condition fora genmeric setting. 

1 Binary: “Succes” = conect gues “failure” = incoret gues. 

* tndependent. The result of one students ges har no effect on the esl 
‘of anyother eyes became each siden i rng to gues a diferent petion « 
beth da. 
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1 Trike Were counting the muber of tials up to and including the fit cor 
rect gues. 

‘Succes: On each tral, the probably ofa comet guess is 17, 

"This a geometric sting, BeezuseY counts the number of tras to get the fist 
sucees, iis gromenic random variable wth parameter p= 17 


Whats the prokabiiy thatthe first stadent guesses coecty and wins the Birth 
Day Game? Ws POY = 1) ~ 1/7. Thats abo the clan’ chance of geting only 
‘onc homework problem. Fer the clas to have two homework problems, theft 
‘student selected must gues: a incorrect day ofthe week ad the second student 
‘st gues the neat fends bith day correct. The probability tha this happers 
BPO 2) = (0717) = 0124, Likewise, (07 007)(17) = 0.1050, 


Ta general, the probabil thatthe fintcareet guess comes on the Hh tal 
P= #)~ (07) 177) Lets summarize what we've learned about calculating 


4 geomet 


Aarti ae 


the pole tol of Yee 1,2,3,0--- En any one of fee 
Y= =(1— pi 


With on formula i hand, we an tow compte any geometric probably 


‘The Birth Day Game 

Calculating geometric probabilities 

‘OBE. ut teadomae Ye dead te on camp, 

(adn pay ec ces homeo poesia pg 
Resco. 


SOWTON Yoo mms song tc uss th ambrtNoeve pons 
(a) r= 10)=(679(17)=00357. 
0) MY <10)= A= I) + Y= 2}4MV=3)+--+ Y= B)= 17+ (TKI + 
(Grp = + TAU) =07905 eae ane ha let 
lec honenert by play Be ae 

e= 


Asyou probly guesed, we used the calculators geonetpaf and geomet cat 
‘commants or he compulsions i the previous example. The following Technol 
(5 Comer shows you How we ids 


“The table below shows pat ofthe probability dtrbution of ¥. We ca’ show 
the entre dstebutin, because the rasmber of tras it takes to get the fin seco 
could be an inereebly ge amir 


a a 
Probably py 0.145 0.122 0105 0050 O77 006 0057 NOW OmKE 
igure 6.19 ia histogram ofthe probability datribution for valves of ¥ fom 1 
26: Lats deeribe what we se 


‘Shape: "The heansh night skewed shape characteratc of ay geomet tb 
‘ion, Thats becatne the man! ily ral fs geometric random variables. The 
probability ofeach ssccemive vac decreases by a factor of (1 ~ 9). 


(Center The mean of Ys pr =7. (Due the infinite numberof possible values of 
Ythe calealation of the mean i beyond the scope of his text the clas played 


FIGURE 659 Hatagam tow 


a 
fepomme neonate tat 
Yabo ilo oy 
ni past corey neh tof oe Soa 8 


Dayne enteral rene rgeind 


(CHECK YOUR UNDERSTANDING 
‘Soppne you rll pi of a, staid ice tl you get doubles Lat 
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the Bith Day Came many times, they would receive an average of7 homework 
prblems. Ro coiscnence that p ~ 1/7 and jr ~7, With probably of acces 
177m each tial, we'd expect it to take an ayerape of isto ge the ist acon. 
‘Spread The stancan deviation of Ys 25 ~ 048. 1 the clas played the Buth Day 
‘ine many times, the number of homework prublens thy recewe would dif 
from 7 by an average of shout 65. That could mean a lat of bommewarkt 

‘We can generalize the rel forthe mean of «geomet random variable 


{Yea rome dam anal wih probabil of secs xh tl 
hen mean (expt ac EY) = jy = 5 "Thal is the expected um 
ber isk apie othe int cen ip” 


‘frets 
1. Show tht Tu geomet dor variable (check the BIT), 


2 Find PT = 3, lnk hon cote 
3. Inthe eof Money le tt jal by ling de win 3 
oD probly bt apne 


case closed 
Does Therapeutic Touch Really Work? 


Refer tothe chapter opening, Case 
‘Shudy om page 399. The reals fom 
Em experiment weve arn the 
subjects comectly identified the loca 
‘oof Emly’ nd im nth 7006150 
teas 47) This pretty mach what 
swe mould expect the subjects mere 
fet vn Fine 03) es te 
Bin don wh 
The yellow ares coe 
‘pth ts poky of gucing 
Emu’ hand lnation correctly in 7 
‘or mere of the 150 tral ts O15. 
With elie help fom ber mother 
(@ sume) and 2 taisticean, Emly 
‘submited an article summarizing 
her research to the formal of the 
American Medial Ammcation was FIGURE 20 Binomial detton of  ranbr ot 
published on Apal 1,198 comes pesos 15D als p= 05, 
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Summary 


“+ Abinomial setting consists of m independent tals of the same chance 
proce, each resulting i 3 succen o failure, with probably of micees 
‘on each tia The count X of success ia binomial random variable ts 
probably dstubution 2 binomial distabution. 

“+The binomial coefficient 


OTe 


counts the mmbe of wa tvecene can be range meng i. The 
fetal te 
mame 1Y8=2)-.-- 92 
fo postive whole bens 1 
+ UXhanthe bina ton wi parameter nad pth pole 
talc of are the whee amber 0,12 The Bom probly 
‘stain ccnct a 


x=n=(S}pa-or* 


‘Binal peobabtesn practice ae best found wry calculator 
softest 


“+ "The mean and standard deviation of binomial anvern variable X are 
b=, 


ox = Sopp) 


“+ "The binomial debut withm tia and probability p of succom ge 
approximation to the count of ice nan SRS of ve fom 3 
popation contains proportion pof successes. Thi te 3 ong 

the sample size sno more than 10% ofthe population size N: 

“+ “The Normal approximation fo the binomial dtrbution” say that fX 
‘sa count having the binomial distibution wth parameters and then 
‘when sarge, Xs approximately Normally dstsbuted with mean np and 
standand devon Jap— p). We wil ue this appenimation when np > 10, 
and m(t —p) > 10. 

“+ Agrometric setting consists of repeated rls ofthe same chance process 
‘mich each tral ess 3 sce ors foe, tral re mndependent, 


Trang pte A ce Some ep ect en pn 
feirteaierereentrs oe 
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cach rial has the sume probability po mice, andthe goal isto count the 
‘numberof tials une int success occas. HY = the number of ris 
‘equited to obtain the fintsuecen then Yi2 geometric random variable, 
1s probability dsrbution s called a geometnic dtribution. 

‘+ thas the geometric distribution with probability of scces p, the posible 
‘ales of Fare the postive integers 1,2, 3, -The geometric probability 
that Y tabs ay value is 

0 pip 


‘+ Themes (expected value of geometric random variable Xt ip, 


Exercises 


Fem wih an a ne pa icin ting? A bi! daha il 
material om the Nona apportion the bomaal. @.. apponmatcly cect ae model ker neo ese 
tu Kio 72 epi water tego anny (Sige wy wt fl: Ean wy 
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(3) AN Fl ene er de 


(0 Seige Sec Dept bs th 5 fh ed peal tc the pT 
Awe el genta (roe Sopot oe eee betes 20 Bald pe Te 
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Homecare ed gt sd pa hr ht 

ape elena eee (1) Aa Hel Aneto layer 

pe pertelete — sea MP of is Gees scp te 

1 La rt? Pa i aes fal see ‘Fics beth 150 fe fre Rasa Ge 
‘yout ln at, Mx th pad do (iaeere ng cept 1 fo th 
‘ales ihn dig at ber ee pacers iopr arse 
lemme fine ata ete Rae ing? Aen dct il be 
Lali Esty OE of he srs in ache spp en cdl ee ee 
‘Shaded Sle steno ds om be pager pier ter on Ace 
schoo one ie unt oa Bd ne he Bids damon beth eine 
Uda La Vie amber ovens ren cadet We 

72 Lain ty of sd ce a peer eyed weer eee 
(Chel Set ton aon om eng erry ee irahy oer an 
rere yr area y SSS 


tame Pas) 
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7% Rha 
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{b) When pinion pil elles hee 
‘phone mamber andor, only 20% of oe al 
Feach live per. You ate te rndoe Set 
‘Baling machine make cll Yih rer ofall 
il eet ee poe ers 
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apn 
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(Fd eat eer mee Enc end fi th leg tg ach 
WpmstdlticecterSieryoeect trtethie nie pe ac Sie paca 
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Arle wie Oneny ap Ser’ve Lin chore) mean 1 standard deviation 19 
tha he bal llr the 15 a. 195 eich of the flowing stasis would ibe 
(a) How many pind you expert tt tke unt pete ue Nora dato to apn 
“Mar in? tly your atone {hate pba for «nora daton mth 
(by Wd yo be spt Mar wom 3 the phen aluc of and > 
fewer span? Compute an appa probaly (a= 1,p=05 
spp our ane () a= al, p= O88 
10 ing Ref i Ac ek (©) a= 100,p=02 
(erie 5, pas 359, the probabil a tint (4) n= 100, p= 099 
Agtofthe unt of rn hone ee fee 
‘v8.14 9 OO. Seppe yom examine randy ina! 


tlre oles burn edi 


rulone 18% Spfing 2) To et infra ih pa 
‘honeumonnt beget wore 5 ne cera pny det 
1) i mateo cet canine) es anni Wa meso 
ty et ne Bein on 0 oy Sicha erent 
ape ‘Sem in ee 

(b) Infact yo dont eto aun staring wit reper eel peed 
‘anor 9 unl the Nh syeice Doyo apet Pa sel epee aie 
thatthe eee oun ret re’ om aap uae 


ee rere aay erent the ent rere An let tide col eet 
sumer {he by ling oe oe nce i 
- . he meat a at Below Be wind, 
iii the btemerfetninh Foner tc 
3 = Wi: Wit Be 
1. oe a ea er mei ila a 
Speer nr ee pet ee 


i She etre 1 Skig en eden 6) fhe dane 
SQRAG ores gy Spice gn 
sty Foch ey te es tem Pap corer ny 
Fo pcsectamccanl capstan 
ae GR) eed 
Einar) Nery fet Sec 
pope brpoeinkigire 
Heder pepe 
for perpen mom 
9 teeeeipee tala 
SERRE er Saag arr rarrmen 
Taj Sey come noc (yt et ce tt 
(0m, prem (Om eoOar jam Smee danacepan 


(Chapter Review Exercises 407 


6 Chapter Review 


‘A random variable summaries the outzomes of 
‘hance process with single umber Rs probably 
ddsrbution specifics the values that the ender vant 
able can take ad how ofen i takes those values. We 
‘ean we the probably distbutio to find the mean 
{eapected value) and standard devishon ofa discrete 
tandom variable, such the numberof heads four 
tess of a coin For continws random vanbles, 
‘which ean take al vals in an inter, we ind prob 
ables using aexs under a density curve (lke the 
Nonna ene) 

In Section 0.2, we examined the effets of dk 
Ing (or subtacing) a comstant and enaltiphying (ot 


dividing) by 2 constant on the probability dstibution 
fof random variable We aso investigated the result 
of adding or subtracting random variables. Most of 
‘our calculations rei thatthe random vrable we 
sate combine wideperadent 

‘Section 63 feeued on two common dherteran- 
dom variable bina and geomet. Both ele 
Several tal ofthe sme chanee proces, with 3 eon 
sant prokabiity of geting a “succes” am each til 
‘A tapi random varale counts the rmber of 
success in ta 4 peomelrie random variable 
‘counts the mare of tah egaied to obtain he ist 
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“+ pete maar a sara devaton ance rie 


“Finda mean and standard ion otha sim or 
owes dnaependon and renes 
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Chapter 6 AP Statistics Practice Test 


‘Section I: Multiple Choice Sele the bet amrwer or each question. 
‘Qutons TE and TG mfr t the fllosing wing The 
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‘Do these data suggest thatthe podicton proces 
In working proper Ate pnt manager tte sd 
ing out all the batteries eodced i hi bows Sor 
sale? In this caper, you wl develop the tls yous 
redo help arse questions ike thie 
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“Te battery manufacturer in the Case Stuy could find the te mean Hietime 
ofa the bateris produced in an hour. Quit contra inspectors would simply 
‘measure the Ime ofeach battery (by draining it and then calculate the ver- 
age With this method, the company would know the truth about the population 
‘mean put it would have no beri eft to sel! 

Tasted of taking a census, the marafartner collects data frm 3 random sam- 
ple of 30 bateres produced that hon. The company’s goal iso ase the simple 


{ream ieime T Wesimat the unknown popalaion mean This isan example 
of stil infoce, es nro 3 spl yd cones 
boat a wider 


"To make a a ference, we need totnow how lv the ample mene it 
Iikly to be to the population mean. Alera, diferent random samples of 
30 batieres from the sme hour of prediction wold yield diferent values of 
How can we dese this sampling datibutin of posible Talus? We ean 
lnk of Y 3s 3 random varahle heesuse it takes rumercal ales hat describe 
the outome ofthe fdr sampling pres At ell, we eatin 


‘ach month the Curent Population Survey (C'S) nteryewsa random sar 
‘of ndvidas nabout 55,000 US hows The CPS we the propetin 
‘enerployed poeple the ample po etinate the natnal nemplent  p 
+ Tom s cooking lane turkey breast fora olay mal. He wank o be sre 
thatthe rk safe et, which requies 2 miniraum intemal temperature of 
1OS"F Tor en a thermometer to taeate the temperate ofthe key meat 
alt our randomly chosen pints. the minimum reading in the sample iv 170°F, 


am Tom safely ere the fukey? 
* How much do gaeine pice vary in 3 lame city? To nd ou, a reporter 
‘eco the pice petal of regular unleaded gvaline a andor ample of 
10 stations in the ety onthe same day. The range (maxim — minim) 
‘ofthe peices the sample 25 cents What ean the report ay about the range 
‘of pices atl he cy tions? 

“The follaming Actty ges you 2 chance to etimate an unknown population 
‘alae based on data fom 3 eandom sample 


3 ACTIVITY The German tank problem 


‘© MATERIALS: Tags pices of candstock numbered 1 to N; sll rown paper bag: inde cad and 
‘+ pnatled grap id foreach team pies forthe wince 


Wied War I, the Allies captured several German tanks. ach tank 
Jad 2 eral number on i Allied commanders wanted to know how many 
tins the Gennans actualy had so that they could allocate their forces ap- 
‘opr They sent the seal rumbers ofthe captured tanks a rou of 
‘tathematicians in Washinglon, D.C. and asked fora estimate of the fla 
‘umber of German tanks N- tn this Acta, you and your teammates will 
ply the rol ofthe mathematician. To add some fun fo the challenge, two 
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ies wl be fc: onto he a hts clo the acl mabe of 
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‘Cena ak Alou naben hold be write on the ad or eee a 
See ten the tate ag 
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‘sina the lr fas Bau soda ey 
Stet de When you ae tied wh your eb, cleae our eae 
{TN Wt your ea enemy nas, our la yo et the 
inde cr pred 

4. When time called cach tea mot ge inde courte The 
teacher will mate scart on the bad owt the fea tie 
chen wl ane ner expla nh ene the ol 

5 time fr the et pie to be sated The teacher wil evel he atid 
tuber 

6 What Aled ape or ther Cena tanks? Which ea 
fouls wold emit pre the ea eit? Stet ep 
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‘Comment: The taematicians in prodiced remarlaby clove 
‘estimate forthe actual number of German tanks. Vis Wikipedia fr more detail, 


Sampling datbutions are the ey to inference when data ate produced by 
‘random sampling, Beeatse the reslts of random samples include an clement 
fof chance, we cant guatante that our inferences are coneet. What we can 
{guarantee i that oor methods eal pve coerectanawers The reasoning fs 
fstical inference rets on aking, Hom offen would this method give a cotect 
‘anower iT used very many times?” Wf our data come fom random sampling, 
the Lm of probability answer the question What would happen if wedi thi 
‘many times” 

Section 7 prsens the basic deat of umpling datnbutions. The mostcomman 
applicators of satstcal inference evolve proportions and means. Section 72 
{ewes on sampling dein of emple pmprtions. Secon 75 nwesigats 
smpling dsributons of simple means. 
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5 In Section 7.1, 
! you'll learn about: 


Sampling vaibity 
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What Is a Sampling 
Distribution? 


‘What i the average income of American howscholds? Each March, the govern: 


Parameter and sates mens Current Population Suney (CPS) ais detailed questions about income. 


“The random sample of 54,100 houscolds contacted in March 2009 had a mican 
“total money income” of $68,424 in 2008" (The median income was of course 
lower, t $50,303) That $68,424 descnbes the sample, bat we use i fo estimate 
the mean income ofall households 


Parameters and Statistics 


As we begin fo use sample dts to draw conclsions about a wider population, 
‘we must be elear about whether 2 number describes a sample ota populstion, 
For the sample of 54,100 households contacted bythe CPS, the mean ineome 


wat 7 ~ $68,424. The muiber SO8,424 isa saistc beause it dexrbes this one 
‘CPS sample. The population thatthe poll wants to draw conchaions about all 
117 milion US. Households tm this case, the parameter of interest the mea 
income ofall thes houschokls. We doit know the vale ofthis parameter 


Remember sand p: attics come from samples, and parameters come fram 
populations. As long as we were jut doing data analy, the dtinction between 
population and sample rarely came up. Now, however, its ene The nots 
fon we use shoud reflect this dtinction. For instance, we write (the Creck 
Jeter mu) forthe population mean and 1 for the sample mean. We use to rep- 
‘eset 2 population Proportion. The sample proportion x used to eatimate the 
‘unknown parameter 
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Sampling Variability 
Hecate ona sample of aly fe ofthe 117 lon Aria ose 
ls, bean acct ema of? Mer lx second ander sample ake at 
the sme time would choo iernt hoxachols snd Uy prices diferent 
tahue of This Bact called sampling vrai: hve of 
{ate in epeated rnd sping 

To mu seme of sampling vali, weak, “What would happen fw took 
many inp Here’ how fo anower thal uso 
«Take age miner of sample fe the sme poplin 
* Coleus the stati ie the sample mean T or smple proportion fr 
Sacha 
© Mate 2 ph ofthe vals ofthe sae. 
* Examine the data played in the aph fo shape, center, nd sed, 
‘ella clio oer devs, 
“The follming Aciniy ges you a chance ose sampling variability in ation 
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= ACTIVITY Reaching for chips 


(© MATERIALS: 200 cle chips, inating 100 ofthe same colar: Luge ago other container 


FIGURE 7 Dag ot sangl pepe tied by 


Molva ch 


He 


Before cls, your teacher will prepare 2 population of 200 colored chips, wih 
100 having the same cole (sy, red). The parameter isthe actual proportion prof 
‘ed chips inthe popalation- p=. tn this Activa, you will vestigate sampling 


arb by aking repeated aco samples of re 20 fm he popu. 
1 aber id ei ee echt oe 
shoulda sample f 2 hip and nate ropa f 
‘Wh bed sn sd earl he cpa earth op, 
dpm the bag tthe et sod | 

‘Nae your ds as fwer than 5tudenb, have soestleisake wo saps 
2 Fach den should recon the ale na chart on the bard apo thi 
“al om clan dtp Lael he ppc om 0100 0.90 wl ik mars 
‘pice 005 us pat 

1. Describe what you sce: shape, cent, ena any wna. 


‘Wher Me. Caldwey cla di the “Reaching for Chips” Acti, hi students 
proaced the raph sown in Figure 71. Heres what the claw sak about 
Aitebaton of Pac, 


Spe hee heya 


a a pl aaslesian len 
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TTS Thinthe ance pt ofthe dition 
Spread The stand devition of ou spe 
{6 0.112 On average, he ake of are 

hut 0112 ava om the mean 

(Outre There a ne obvi oes oer sal 
‘ene 

‘oF ean, the chs onl ok 3 erent simple random sample of 20 chip. 
“here are many, many pole SRS of see 20 fern 3 population of ze 200 
(atoot 16 "10% ach we tok everyone of Hoe pombe samp, ca 


‘Sede ae ofeach snd gop I hse es, hen wed ae 
‘Singing dnbion a 


In practice, its usually too dificult fo taka pouble samples of ize nto obtain 
the actual sampling ditibution of a statistic. Instead, we ean use simulation to 
‘mite the process of taking many, many samples, 
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Reaching for Chips 
eo late 


We med Fathom softvare fo simulate choosing 500) SRS of ize 
11= 20 m3 population of 20 chip, 100 ed red 10 be Fg 
tue 72 ia dotplot ofthe value of the sample 8 
chips, from these 500 samples bets 
Prose 

(0) i heaping stron of justly or ano, 

(0) Deseret stron Are her ay vies ters? 

(6) Sappose yer teacher popes aa with 20 chip and cans hat hal them 
aera Acasa takes an RS of 20 p17 ol hm ae ed What elo 


‘once bt yo teacers cam Epa 


FRGURE 7.2 Oopctl te sane pope STON 
Delradchgs St sited AS, cated) Ts ph the samp strife dost show thas 


ty Fate soar 


tne sete apse samples 
(0), Shape Smet wim semen be shaped Cmer Ard 0.5 Speak vas 
‘lst betmen 0.25 ad0.75 Others: One salt = 0.18 stands et. 

(e) ery myo eae ae RS of 20h a wich = 1720 ~ 0.5 om appt 
11200 pe halo whch ae eat ala thre eer ceed 200 ante 
“nies Th stadt ea ges strong ede as hehe cm cms dat 
‘at heag tae are ap G Pae 


Sicly speaking, the sampling dtibaion ithe ideal pattem that woul 
‘emerge if we looked tll pomible sample of ize 20 from cur population of 
‘hips Adstibution obtained for silting a sles abe of and sa 
Plc, ik the 500 vais of Pm Figure 7.2, ony an apprimation tothe su 
Bling dtriboton. One ofthe uss of probity theory in sais oan 
Sampling dstnbutions without sation, Wel et the theory late. The ine. 
pretation ofa sampling distribution the same, however, whether we ola iby 
Sulton by the matetatics of probability 

Figure ~3 onthe ext pag ilitaes the proces of choosing many random 
spl of 30 chp nd dg te sample repro ed chi ft ch 
‘one. Fallow the How ofthe figure from the population at hele to choosing an 
SRS and finding the forth sample, to collecting together the fs from many 
smples The fit smple has 040, The second sample i diflerent group 
‘of chips, with f — 035, and soon. The dfpot atthe night ofthe igute shows 
the datribution ofthe ylues of frm 500 separate SRS of ize 2. This dtpot 
lopli the sprouse sampling dstbatio ofthe sat 

A Figure 75 shows, there are actualy the dotnet dalributonsinyohed 
‘when we simple repeatedly and mean variable of interest The population 
<istabution sve the vals ofthe variable for ll he individual the pop 
Tain. tn ths cave the individuals are the 200 chips and the variable we' r- 
coting is color Our pataeter of interest i the proportion of red chip in the 
population, p—0.50. Each randoms sample that we take consis of 20 chips 
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FIGURE 7 Tho daca sep Stason la mary ares me same pep, 
colt th sen a tsar and pe tan le Te pt owe a 
ran of 0 gn 


“The datidution of sample date shows the values ofthe variable “olor” fr the 
‘nividals in the sample For each ple we record value for theta the 
sample roperton of ed chips. Fal, we cllec the ales fom all posible 
Samplesof the we size an dypay the i the sampling dmbuton 

Be careful The population dierbunon and the drut of spe 

data deeb india A sampling dianbutondewibet how a3 

tac are may amples from the population. 
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2 Tin taking an SHS of50 MMS. Mabe a grap showing «pai dtition of 
‘empl te Ctr ef la pyres tii fr in ple 

|. Which othe rp that ill cond be he apron mpi dsb he 
‘sa? Rapa oe che 
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apts A 


Describing Sampling Distributions 

“Theft ht tats ro random samples hae definite sampling tutions 

amy aver the usin Hoe ony ii a sae 
mater” To get a complet stow, ne conse the se, ee, tl pt 

oie: ‘Sop tuft at wl be oar, wt ane ape 
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[ie dation bey clo 0 te pace vale I et fe ok ll 
‘penile samples of 20 chips foe the a eaeulsted foreach sample, 
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fon, wey that f ls an biased extent off. 


ln al. 


the mean os 
bing estnaad. 


“The yale ofan bia eto ilsomctimes exceed the re vale ofthe 
parameter and somtimes be len we tae many samples. Because ts srpling 
{Esato 9 cemred tthe te tale, however ere seat men 
to overstate or nderetnte the parameter ‘This makes the hea of ack of 
Bari the serie of" Enero” more rece 

‘46 ee ml conn m Seton 72 the sarple proportion om an SRS i 
ates unbned timate ppaton porn. Thaavey heli 
rel were dealing wth catia vruble ite color), With qemtive 
‘table, we might be mired i eimaing the populabon mean, mean, 
‘sinmum mstsnum,Q, Os arince,tapdan deviation, IQR ot ange Which 
{ian of se are onboned maton? The felling Activ sald shed ome 
light th queso. 
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* ACTIVITY Sampling heights 
UTA: Seal ice sac ex eb 
PES pa ee 
whether a given statistic ie an unbiased estimator of ts comesponding popula 
gees 
1. ach sade shud wie igh name sed het (i che) ely 
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“Taiviuais Height Gin) Sample mean (F) Sample rango (max — min) 
BeOS ARMs © ea 


4. tthe ales our smple mean ample range onthe to cla 
Steasabe eae — 
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When Mrs. Washingoa's clas did the “Sampling Heights" Activity, they 
prodiced the three gps shown in Figure 74. Her stents conchuded that 
the sample mean ¥ & probly an unbined eximato ofthe popalation mean 
‘Their reason: the center of the approximate sampling dstibution of T, 
(65.67 inches, is clse to the population mean of 6.07 inches. On the other hand, 


pn et seeming ttn Appin mpi ten 
seo ere) parma 
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FIGURE TA Reston M Vain ca Te sample mes ypern ban urbased 
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[Bisse estimator Mm. Washington’ students decided that the sample range ia biased estimator 

ofthe population range. Thats because the center ofthe sampling dition 
fortis statistic was 10.12 inches, mac les than the coresponding parameter 
value of 21 inches. 
"To confiem the clas’s conclusions, we used Fathom software to simulate taking 
250/SRSs of n = 4 stants. For each sample, we ploted the sample mcan height 
1 and the range of the heights in the sample. Figure 7.5 shows the population 
utnbtion andthe approumate sampling dstnbutions for these te sabes 
TWlooks like the claw was right ian unbiased estimator ofp, bul the sample 
range i clearly a based estimator. The range of the ample heights tends to be 
rich lower, on average, than the population ange 


Srrminat: mpi sth 


ae! ra I HL. 


Parenter = SA hos Cone mnt Sten Cone 0 = 02 ite 
fhe 3 aches 


FIGURES Ra ana Febr rdatn o 20 Sl a n= t rn h 
‘shri css Te ng men an rane amar The ergy ainda 


‘Why do wo divide by m — 1 when calculating the sample variance? in 
CChaplerIrmeintodaed the tmpe srance af a mea of pen for 
fetol quate data The te of simple Hes mone tal ecte the 

‘ABOUT “rage spared devin fhe vals nthe mpl rm th mean. pe 
‘thy ep you when we crmpated the average by dig bm ted 

© ox Now mee eds tel ou why we defied = LS, — 1) 
tan inerence eng vehi» quinine need 
in liating te vate oo he poplin disbton. The ma opel 
Choice oe nar io spf We ted Patho afore 
fo be $00 SkSx of stew = 4m the population ditto o hea 
Nix Washing elm Note atthe potion vance! = 2219. For 
ch epi ee ecotdl tebe offre ice 


4Dia 1 he sample variance) 


7 


wet D 


Figure 7600 the ne! page shows the approximate sampling dtrbutions ofthese 
‘wo statistics (We med histograms fo show the overall pattern more clea) The 
‘etal nes mark the means ofthese tro dtbtions 
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FIGURE 7 Rants tomatoe =| 
‘rt ol 00 SAS tz n= _ 
‘en he ppusen din 

aig nts aig class The 

‘sane varrce l(atela a nite 

{ge an bass esi: The 4 

“en sae dg yma 

nt)eabasedesinae rarer 


‘ave ofvarance oo sample daa 


We can see that “arn” i 3 bisa estimator ofthe population variance. The 
center (mean) of is sampling distribution i clearly lest than the value of the 

19. However, the statistic “var” (otherwise known as 
ban unbiased estimator Bs values are centered at 22.19. 
"Thats why we dvide by n ~ 1 snd not n when calculating the ample variance: 
to gotan unbiased estimator ofthe population variance. ° 


Sorat ow vay i Beta! Toes tot ima o une 
population parameter stat by wing 2 attic tha an nbiaed estimate. THis 
roures that you wont tend to onereximate or user Unfortunately, usin 
‘an unblsed eximator doen gusantce that he vale of yu static wilbe clone 
tothe setal parameter yal. ‘The allowing example lates what we mean 


Section 7.1. What Isa Sampling Distribution? 425 


parame That is wy Callup Flaked not 10, 
Sea a lat ceaSonee ieee oa 
aon, his tne taking 1000 SRS ofsizen = 100 froma vith 


eee 


The sample proportion frm a random sample of any sie ts an nbd 
cotimatr ofthe parameter pA we ean ee fom he previous example, toh, 
ger smples hae cla vantage Ty ate much moe likely to provdice a 
‘state cose tothe tre ale ofthe paameter. Said another way, ler fa 
Adm samples pe ws ore preci simats than salle anwar samples That 
been 3 lane random sample ges us tore aormation abet the nding, 
population than aller sample docs 

Tere ate geetl rule fo dese hw the spread of the nampling dsb 
tion of tatisthedccreasy athe sample size inten. In Section 7.2 and 7.3, 
well reveal thee rules fr the sampling dtibution off and 7. One important 
sad surpring facts thatthe vanabiiyof atti in repeated sapling docs mot 
‘kpend very raach om the uz ofthe population 


‘Why does the sizeof the population have litle énflence on the behavior of 

statics fom andor samples” Imagine sapling harvested corn by tating 

2 scoop into a large sack of com heme The sconp does? Know whether i 

‘urtounded by 2 bag of core or by an entire tracMload. As longa he corn swell 

‘mined (30 thatthe scoop sels 2 random sample), the variability ofthe result 
lyon the set of the scoop. 

“The fc that the varabilty of ttc f controled by the sine ofthe sample 
hha portant consequence: for designing samples. Suppose a researcher was 
fmestimae the proportion of ll US adults who blog regulary random sample 
‘9 1000 or 1500 people wl ie 3 itl precise etimate ofthe parameter becaise 
"he sample sie large” Now consider anther researcher who want to estimate 
the proportion of ll Ohio State Unive stadents who bog regular tean take 
junta ge an SRS to extimate the pmporion of Ohio State Univer stadens 
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‘who blog regulstly a to esate with equal precision the propertion of ll US, 
‘aulls who Blog regulary. We cat expect to ned 2 smaller SRS at Ohio State 
just because there are 50,000 Ohio State students and 755 milion adulls inthe 
United States. 

“Ting ager sample deca fc Bit Remember that een very large 
— 


Te ee bo tft ei 
Fine pvt 2 nee copa Ses paren er tp 
{cpl Te Sos ems pled teem care 
290 Tiemann te Sharp meen 3 

1 ep mn oo a th pp fl 
2 Sap hl en sf 30 ead 10 Wl he ro 


‘npg data be age sal, sone se} fy you nee 
1. Dash the she he png bation. Expt whl hi ems ne 
Poaimageretitinai bop me 


as, vray, and shape We ca think ofthe 
trae tale of the population paramcter a the ball: 
teen egy a fhe mpl ct at an arew 
Seed af the forget Both bias and variabity desetbe 
‘thot happen when we tke many shot athe lags 
‘Bio means that xt ain is off ad we consiterty 
‘ni the ball-ye inthe same diection. Our sample 
‘ales do not center on the popolation vakie. High 
‘etabiliy mmc that repeated shots are wiley scat 
tered on the taget Repeated samples doa ve ery 
sila res Figure 7 shows this argo lation 
ofthe two peso ee. 


‘GURE 7 Bas sr rin High i ow vil 
(bj Lows igh erably (Hh bas, gh bl (The 
‘ectnobes wai 
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Notice that low variability shots re clse together) can accompany high bias 
hols are conssteraly away fram the balleye sv one dretion)- And low or no 
bias (shots centcr onthe bullseye) can accompany high variability (shots are 
widely scattered. eal, wed like aur etimates tobe accurate (unbiased) and 
rei (have low variability), See Figure 78d) 

The following example tempts toe these ideas ogeher in fiat 


The German Tank Problem 

Refer to the Activity on page 414. Mn Friedman shudent 
ears came’ up with four difrent methods for einai, 
th mr tsi he a) maui = main 
‘minima, (2) meanpld ~ T 4-24, (3) ticorean ~ 2, 
ted rton=Pgue 79 shes tev fag 8 
ten" Figue sews he ing 250 
Skis of nk nd ern the tof te ve satis or 
cach smple. "The verte! ine mars the actual ale ofthe pop 

Iation parameter N: there were 42 tanks in the ba. 


eo Osteen 7 aha anne tse 
7 
|) hic ote or tates proposed bythe sade ts lo 
‘ete este tyre 
1) Wyma depart ed ue esate 
(5/4) maximum, recommended by the mathematicians Washing 
te0cr 
semen 
(0) Mencia raad etna tect sg 
\exoaton stn bgh sti pode coitr 
comnerttenoneroans Teer 
petra hema 
heaping, 
prep mere perioral 
FGURETO Ress nmaFanom amunsonao gree surest than oftoms Soman eseast 
{Tarn These sanlng cof eet amen thew genay rie estiates 
‘sate aero ‘aoe teaha eras hg 
est ops state namin tes stint 
() Reprtteenetidies assem] atid dat 
‘Sensches rainy to ny ofte stad tame iste Rasaeping dts 
lesen ncn as tue stan smh ent ness te 
‘amber tats Teeter ot htt ra beret nsf nd 
(then commas ote a cg arb 


(> Set 
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ie Baas I 4 identify te 
‘he nmpl a th atin 


“The leo about center and spread i clear given a choice of attics oes 
‘mate an unknown parameter, choose one with no a ow bis and imam vai 
ably: Shape + more complicated ssue- We have scen sampling dstibutions 
that ae letskewed, rightskewed, oughly symmetric, and even approximately 
‘Normal. The sme atstic en have sampling distributions with different shapes 
‘onthe population distribution and the sample size. Our advice: be 
sure to consider the shape ofthe sampling dstbtion before doing inference 


Summary 
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tina price esate elt ae 

+ The detnution of are rsh wef he 
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‘+ Attitic ean bean nbd eaten eit of 
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(@) Deseret dsrtion Ar the nabs 
re 

{e) Sappon that 45 of the 100 dents inthe aca 
sap yt hy i al thr homewen at week, 
What sould you comclade about the nempaper 
sick cee! Eglo: 


10. Tl ge Ace othe National Cente fr 
eas Sati, the dsbtion of hgh or 
year female cle well by # Neral 
det cane th ea daar 

5 inchex Tose ths dation 
style ld gh ea At Sse can 

(ake a SRS of 20a he 300 V6jearld nal 

the shal and nears ther ite What alee 

‘fhe sample mean T would be coment wth the 

‘epalation drt any N25) Ta find oo 
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[N(GA,25) The fe blow va dplt of the 
sample mean height F of he sade nthe spl 
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sample dt de SS fie 1a by the AP 
‘Stace dene 

12 Tall gi Relea cri 10 
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preticar cot SE GET 6 Cie peti eS becker 

coortact | ae 82 kt nee le Den ny vale you se. 

cose ingex 90 nme at eam (b) Eup what the real pl ell you about 
bee wel Terr ode Grd 


aan es o7.2e ean) - Hz 


(e) Inept the als andi ent 


Sample Proportions 


What propotion of US. tens know that 1492 wat the yea which Columbus 


In Section 7.2, “covered” Ameria A Callop Pal und that 210 oof adorn sample of 
you'll learn about: 501 American tens aged 131017 knew this hitarially important dle The 
ae ssp pepation 
sition ot 20 og 
ld for 
thy the Normal 


approvimation for is the tate that we we fo gain information about the unknown population 
ji - patameterp, Since another random sample of S01 teens woul! ely rent a 
{ferent extn, we ean oy ay that “about” 42 of US. teenagers know that 
(Columbus dhcovered Armerca 1492. this section, wel use sampling dt 
butions to clay what abou” means 


an 
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The Sampling Distribution of p 

How spo isthe static B23 an etimateof the parameter? To find out, we ask, 
“Wht woold happen if we tok many sumple” The sampling distribution off 
zwei quction Hie da we determine the shape, cent, and pend ofthe 
‘ampli dibation off Late tart wih sian, 


1 ACTIVITY The candy machine 


(© MATERIALS: Compete wth Ineretaces—oo fer the cas or one per pat of stants 


{Imagine a very tage candy machine filled with orange, brown, ad yellow eat 
dies When you insert mone, the machine dispenses tample of candies. this 
Activity, you will use a Java apple o investigate the sample 


Reese's Pieces Samples tbearpl varity t te proprio of range cades di 
= ih 


pe 
1 taht ae sats 
fom Nae ao ppein tere 
tectnp 045 (pet ea hese p 
2 Chek onthe “Dra Sample, anima spl 
eles ope 2 ois el ip 
Figs Whew nels ofan cg Weyer 
‘ple opr of one crest he he fn 
theapplt Wado) cae the cel popelton poparon, 
paws 

5. Click -Dem Sample 9 more time, ofl oh 
Tele eon oka em ele tee Palen 
Wt the eer 10 spe pret Wat 
the taal dv? 

4. Tah ray oe ape ly, ene 90 nh 
“am spl bo Chef Atte ot tr 


[URE 710 Thermudtt ingore SAS 425 animation ff. Then click “Draw Samples” You have now 
‘ceo tom ale candy mache mimic Sot taken afta of 400 samples of 25 candies rom the machine. 


‘hecardes we roe. 


‘Doscibe the shape, cent, a spread ofthe approuate 
sampling dstbution of p shown in the dpe 

5. tow mould the sampling dtribuion of the sample proportion f change 

Jtthe machine 50 candies each tine stead of 257 Rese” the 

applet. Take 400 samples of 30 canes. Describe the shape, cener, and pred 

ofthe approunte siping dtbuten 

(How would the ssmpling dstrbuton of change ithe proportion of orange 

‘ands in the machine wa p= 0.15 instead ofp = 0.45? Does your answer 

‘depend on whether n = 25 orn = 50? Use the applet to invest these 

{quotions Then wee brie summary of what you eared. 


424 CHAPTERT 


FIGURE 71 Thornton 400 SAS of 
‘aed to alg cary mucin whch 
oth cand ar orage The dal hws he 
‘primate maging dono 
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Figure 711 shows one set of posible reslts fom Step 4 of 
“The Candy Machine” Activity Lets desenbe what we see 
‘Shape: Rowgily symmetric, unimodal, and bell shaped I 
looks like 2 Normal curve would approximate thi dtbution 
fay well 

(Genter The mean ofthe 400 sample proportion is 0.448 

This ute clone to the actual population proportion 

04s, 

‘Spread The standard deviation ofthe 400 values of fram 
‘Mee sample i 0.103, 


The dotplot i Figure 7.11 is the approximate sampling 
Alstbution of PI we tok all pomible SRSS of n = 25 can 
tes from the machine and graphed the yal of for each 
sample, then we'd have the actual sampling distribution of 
We can get an idea of is shape, center, and spread fom 
Pigu 


Sampling Candies 
Effect of n and p on shape, center, and spread. 
nasa oy, we 

Ol the ety) A Fg 712 hn 


the sampling dtibution of when = 50 (Step 5 


voce again rag yi 


hh, 


eo 
sl 
== 


"ies ellhaped. This raph al e- 
tered a abt 48. With ple of ae 52, however, 
thee ion pend inthe vals of. Te anand de 
ato in igre 7.12 4 0.08 er the ample of ize 
Sin Fgwe 71, 0108 To pent wat wo ad 
‘ater le spl ge he sing Gtton 2 
slr pad 


‘What if the actual proportion of orange candles in 


‘the machine were p = 0.15? Figure 7.133) shows the 
|| eons peg dha off hen m= 2 
‘Notice thatthe dotpot ts alight rightakewed. The 


raph centced close othe popation parameter, 
015. As for the spread, is similar tothe standard 
deviation in Figure 7.12, where n = 50 and p = 0.45 
Ie increase the sample sie to = 50, the sampling 
‘station of shoal show Tess variability The stan- 
‘dard deviation fo Figure 7.15(b) confirms this. (Note 
that we can jst visually compar the graphs because 


the horizontal scales are diferent) The dtpet is more 


FIGUME 72 The arsine sanging Sete or 
‘5s of 50 candies fom appuaton nwhch p= Sots 
conde ar omge 


‘gmmetrcal than the gph in Figure 7.15(a) snd is 
‘nce apsin centred at sale that cla to p= 0.15. 
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FIURE 713 The rut a ig 40 SAS (a 9 = 25 a) = $0 ca mae candy machine in which 18% 
lth cane re cange Te dopa thw be asproumae sang too ocak. 


@ 


Wht have we learned so far about the sampling tbtion off 
Shape: tn sme cases, the sampling dsrbuton off canbe approimatd by a 
‘Normal une. This sem to depend on bth the szple size m andthe popu 
than proportion p 

‘Center The mean of the dsbuton i = P. This makes ens be 
sample proportion p isan wnbuaed ema o 

Spread: for a ypecic vale of, the standard deviation 9 gots smaller as mgs 
lange. The vale of dope on both nd p 


"oe he a caps end en om pan cn 
eten bre arg pn sd a cs 
iene 

Tat dy machine xp ested ying pete RSs fn 25 
cuir pp oth popu p04 ees cnn sy 
Shep weci tnd Cty cme tt cies 
{fects pce Nec econ nee og cy = 
Senin cong en cee gr fear 
‘kis oy Lg ects bal don th and 
= 00h cl gn and pcm ees ge 18) 
(icctae pagan duketancat akan 


5._stintofmcenes sample _X 
Sia 


the 
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How is the sampling distribution off related to the binomial count X? 
From Chapter 6, we know thatthe mean and stindard deviation of a binomial 
‘random variable Xare 


w= and ox =vep—p) 

Gp Stae = X= (1X, mee fst mliphing the random variable X by acon- 
stant (/n ogo the andom variable Recall rom Chapter 6 that multiplying, 
bby a constant multiplies both the mean and the standard deviation of the new 
‘random variable by that constant We have 


y= inp) =p (confirming that 6 san unbiased estimator of p) 


(sample size increase, spread decreas) 
‘Tht cao cent nd ped Wat aoa shape Miphyng os 


sale asta dns change he hp ithe by don, So 
the sampling dtu of 6 will ane the same shape a the 

Boon on re X tye soed te opel te thee aba 
the Normal sppoimation bisa) then you already know the 
gone pada eat Nora dn cat 
Tein to appreximaie he sampling Graton of e 


Heres mmmary ofthe important acts bot the ampli tba of 


7 
slong asthe 108 condition is sie -< EN. 


5 icra the sampling dion of becomes 
‘Before you perform Normal calcolaoms, check thatthe Nonnal 
candi satis: np > 10 and nt — p) > 10. 


Figure 7.14 daplays the fact foc that helps yu reall the big iden of 2 
sampling dainbution The mezn ofthe eamplingdiiibution of fs the trae 
‘alu ofthe population proportion p. The standard deiston off gets smaller 
the sample size = meveases In ft since the sample ize mis under the square 
sot sign, weld have to ake 2 sample four imes as large oe the standard deia- 
‘aon i ale 
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Pic ree? See 


‘POURE 2 Selecta lee SRS oma pation nich porn par scenen The 
saoig ston la epercn of scones in sare appre Homa The 
‘rans panded dan t= 


The two conditions i the preceding box are very important. (1) 10% cand 
‘on: When we're sampling without replacement from 3 (ial) population, the 
proportion p of micceses i actully changing a we elect each individual Bu 
the andar deviation formula axe that p remains constant. we sample too 
lage fraction of the population, oar calculated vale of 0 will be inaceurale 
(2) Normal candition-Ifwe anume that the sampling dation of approx 
‘mately Nocmal when itt, ny calculations we make using 4 Normal db 
tion wil be awed 

Since linger random samples give better information, it sometimes makes 
senve to sample more than 10% of a population. In wach a cae, there's more 
ecurate formula for calculating the standard devition 9 It uses something, 
Called 2 finite population conection (FC). We'l avid situations that require 
the FP in this text 


oct cm gs 82) wh cine video Sapp 
{step naney ntact an SRS of 100 onal enc wis ad alee 
ropetie fins nepl te wh nae 

1, Wat the maf he pin dition of gain 

2. Find estar devo fhe sping dt of Check ta he 10% 
Sabet 

3 etic oping eon of appoioey Noval! Chk th the Noa eo 


decent 
‘4 Ifthe mene sine were SOD eather tae 100, le woul icine he sping 
tcbuton of 6? 


Using the Normal Approximation for p 


Inference about 3 populiton propntion ps ax on he sampling dsbbion of 
vie the mpc ay cough for op ad (1 — ) wo bth be at eat 10 
{ue Nomal endo, he pling dn of Bs approx Neral In 
Stee weean se 3 Nomal dsoibubo a cla th rab of ota 
SRS which P los spectied minal of aus Here an cumple 
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Going to College 4 
‘Normal calculations involving p 
Apolingoeprization ais an SRS of 150 fist ea college students how fr aay 
the home t. Suppose that 35% of all fstyersadens setually tend college 
iin 50 miles of ome: What the probably hat the adem spe of 1500 
stdnt wil give ares within 2 percentage pss of his tre vale Flow the 
fourstep proces. 

‘STATE: Newt dhe raya j taser 039 4037 oie? percentage 
ps 002-6035) asus tats OSS < j < 037) 

"PU Neh at Sf sr = 1500 dem a opeion eit operinp = 035, 
een we 50 les tne Wa neo ae he samplg arin 


 Remanls jy) = 038. 
"+ Was abe te stadied devin Weed tcc e108 
‘onion Scant and devon rma we dered th option 
‘met ora est 1011800) ~ 1,000 pop, Thee are ner 1.7 
en tse yaa sade so 


ee 


+ Caneeses orate ounte te samp 

‘brio fT Chan Neral enon = 101035) ~ 828 

dnt — f= 1500(068) = 975 Botham ayer 10.0 

elered epunronwtbegste cere 

Fert. 1Sstw hhc hat eae Tea b 

‘Salrporcreponsi te patty O38 <j < 037. 

‘0 Meta ohne ae Atte deed 

(Abe sree =lsbod 
=037. 


a pn089, sn 98 503-109 


Fepaos7, 1203109 


+ Uae Fare. 16 shows hae ede th stand Nomal cane 


— 
oa 
(GURET 16 Petites at wean cera cd 
Neate ‘CONCLUDE: Abt 90 ofa RSet 1500 ale aresi whi 
“apercertage pester abe he pple 
Unrate ema caegater 


ant <p 0 =a 


1.003) an gepg ear ie ( Went 
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Summary 


“+ When we want information aboat the population proprtionpof surest, 
tr oflen tae an SRS and wed sample proportion jt ema the 
Cina parame p The sampling distabution of describe how the 
‘nse vane nal psuble sample from the popalatin, 

"+ ‘Themeanf the sampling dtrbution of i qual the population 
proportion p. "That, fan unbiased essa ofp 

+) Thestendrd devon of te smpng tation of Ie, 
for an SRS of sien. This formula ean be used the population ia est 
1 times as age athe sample the 10% condition) The standard deviation 
of tsar as the sample ze mgt age: Recane of the ae rol, 
sample fur tines ager i needed fo et the tadad deviation in hall. 

+ When the smple ize isle, the sampling distribution of x clase toa 
‘Normal dtbuton with mean pad standard deviation pt pf 
1m practice, te ths Normal approximation when both np > 10nd 


it ~ p) > 10 (the Normal condition), 


Exercises 


‘The candy machine Suppo» Lge end rachine 
hn 9% ans anes Uae pice 7 UV end 112 
{ge Yt lp awe the wane qt 
(a) Wo oa bey asap of 5 exon 
ove the tachi contd Some ae ats 
32K eng? Hw abt one cae (3 
seats Bopha 
() Which nore supine ting «emp of 25 
‘tebe in which 128 so gs or plone mele 
(150 cane which 32 arc gy? Espa 
Th. The erly mci Seppe ge andy tac 
he 198 egy eter Uae Page 103 fee 5) 
‘alatpsroee he lieing pda 
(a) Won oa be srped fang of 5 cxcbon 
So ersetine nian Steger Os 
SE aang? How aboot Scag cae (30 
comp? Elan 


(Which mre rain sting spl of 25 
cere wc 125 te megs ot tng ple 
50 cane in which 12% sr rg? Espa 
“The candy machine Sopp ae ai machine 
1 458 seg eninge ing SHS of 25 
cero foe anne oe erg tt pl 
papain f ens ences 

(a) What ne rea he sping detain of 
Pw? 

(0) Find he steed vito of tee sapling 
‘Staton off. Check tne ithe 10 ion 
(e) bthe sampling dita of appresinately 
Newell Glck te te Norelco fc. 
(2) Whe sample ewer 50 ether an 25, how 
cere ecg eign 
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ee 
pei co rece regi oe a 
bea ton trvecinred stomrra he 
he eee 
(0) Wint the mew ofthe sping tion of 
wy? 
(0) Fd tested dvi fe 
‘Bonoff Check nec the 1 coon 
(GB hesrering ttn sf rprinohy 
Noonal Chek ic ifthe Nomal coro et 
(4) spe si wre 75 rather than 5 owe 
Souk ts hang tetany debt 
5, Aint sear The Tmpertation Sev Ad 
intan TSA) pone for pnt ly On 
tome Ros, TSA secs nny het pases 
ia uty dc be baa 
‘th ad 7 12 fn Canad 
Tin whl {Skt aed oe Se 
fr omen, Lt eth eto of 
Ftc peng nthe ample 
(0) the 0 emia oy your 


(athe Nowa edn ti thine? 
ou ones. 


2 


Cat che an SS 0 ex Let 
hehe proportion of oweh ber weap 
(a) Tee 10% coat mt da cn? fly your 


(b) lathe Nowra contin mtn thi cn? fily 
ur neve. 


In Ese 33 ad 4, explain why ecm the 

etd of het ood he dered probly 

15 Hpani worker cor employ 000 urscnted 

of ahem WF are Haparie Tae [Smee 

{ie cece eee eoaie 3 penis 
‘Wht old be the poi of So ewe Hapa 
late exes cote were cheno eon 
fra al the poten? 


(CHALLENGE: Sef you con compute the pbb 
ining tater eathod 


‘Ast orice cbowes an SRS of 0 oe 
‘ihe ecw te dt Seppe tat 4% of 


the alas he been by coaches nelect| 
‘berseaber on at kad one ean, What the 
{ebay that at eat [Senter a an 
Spee 
‘Do you dink the cereal mk? A USA Taday Pll 
shes rnd spl 1012 US, ada wt they 
Bethe sal tebe they ve etn he 
eal Ofthe repondenty 6° aid th hey dak 
12 Sappne dat 1% of US ada actly nk the 
‘eal tail Let be the proprio of pple he 
‘ple whe dk he cereal nal 

) What the mea of he sampling tron 
pW? 
(b) Find heard deviation of he api 
inten f Cet fie nin 


(c) fhe amping drs approunachy 
Cosmet 
(2) Find oe prob of obtain aap 
TOL natn whch 7 oer aye dik th 
eral mao youve ay dat soe ther 

Prey 
goto cach The Callp Po eds 
foal Spec des ytd 
‘Tevet orga ig tp week OF 
ren that 


‘ce 
sergrapescaeck Lt fhe proportion 
pi a epee pled nie 
sie 

(What a mean of thespian 
Tp Wink aye 

(b) Fd he stand deviation 
Sterol f Ck 1 lin 


(0 bic mrping tan poi 
Suntec eed Nnd Senn at 
(2) Fd ery fang ape 
{ict yond 
gees al ek Detar 
Perro ant pron areal 
yo dink the cer ah? What 
ool repted dase aad 
Tie sein asain oat te ae ps 
ate Boer 3 tar er 
oyu get hac? What snap se wold be 
fmersedewyureprrents 


i te to eel heal ut ri 
sere 3767 ui your awe. 


wo. 


“ 


a 


fe 


shin he pt 12 monte What the pba 
Sak IN et a oe rees ie spl bore 
Ieee te ills fer loesshep pve 


par oran gy 
Sinai plement 
Pete gape soto 
Searing 
peter eal er 
eae 
ee ea 
Petr pie leg 
Soe teterestscisctes tea 
Waaey Rasen aie rane 
ep 
Giironper coh eetteaer 
aL ely beng op pieere 
eee peg 
eae ee 
yee erieter (areal 
Pee igeener sean 
Paap tepelngs epargee 
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ses 
Uebeog ng Ts ag tel 
per Pere 
Sere 
ee 
rere 
apiece 
puudrisemeestoess 
ee 
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See eee 
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Papeete nly ern 
Sisk eae 
(Saree per Ts 
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io St tee fir Eero 6 
1 Webi fet the flowing ting The mararine 
‘Sport nine ae rere plo e750 Dro 
alge able,“ Deo you beee perfomance cuncng, 
Sep ona elicn nist eee Serpe ot 
‘OE dal Donn ater Unk tha thee dg are 

1 prblem, Let fb the spe proprio wh oy Ut 
Psi gas 


asa 
“The standard deviation ofthe empling dition 
shest 


(a) 00006 (e) 017, nomeof thew, 
Woon (dh 

$8. Decrease sine fom 75080375 woul 
‘wali heard devon by 
we (212 (e) nme ofthe 
we a 


The epg aon ff api 
pera arin 


(a) tee at at 7570 Don cle oie 
{0 ap = 2a al ~p) = 5 
(scala ghee 
(2 elogrerpl dice = 79 geno 
(0 ta alin dato neh shape 
ein (69) Aner pe 
Gait detent edie ne, 
1. he me rn spend 1 
Hoh nbd endcremne Hedeaen e 
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‘sree of Fe en Game pbs tte 
Be ced ani The ps te 
Sees 
(0) Dew eyo wold Tae atin 111 
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Agr te 
‘ett ded pr 
(Cal Vall ge ed ad 
‘ete ope ed 
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_ Sample Means 


‘Sample proportions arise mot often when we ae intrested in categorical vai- 
ables. We then ak questions like “What proportion of US. adults have walched 
Survivor: Guatemala?” or “What percent of the adult popultion alended 
church lat wee” But when we record quantitative vanabler—howsehold 
Income, lifetime of ca bake pads blood presure—we are intrested in other 
Satis, such as the median or tean a standard deviation ofthe variable. 
Because sample means are jt averages of obscyation, they re among the 


5 Sampling fom Normal os! common saints. This section describes the sampling dibution of the 
2 population 


sample mean T. The fllowing Activity and the subsequent example give you a 


He cease ie sense of what les ahead. 


¢ ACTIVITY Penny for your thoughts 


warrants: Large container with several bandied pene chalbboad, whteboart,or butcher paper 
for making compartvedotpots 


sar 


Your teacher will anemble srg population of penies of various age.” 
this Activity, yur clas wil invetgate the sampling dtibution ofthe mean 
tage Ta eimple of pennies for SRS of several efferent sizes. Then, you 
‘wil compare these dribations ofthe mean age withthe population ds 
bution 

1. Make a doplt ofthe populstion dation af penny age. Tf the 
‘age subtract the date onthe penny fom the cute yeat 

2 Have each member ofthe claw take an SRS of 5 penis fom he 
population and record the date on each penny Bese to replace these 
‘cain in the enotsines before the next dent takes a sample. your class 
Fas fewer han 25 students, have each person take two samples. 

5. Calculate the mean age F ofthe § pennies in your sample. 

4 Make 3 claw dotplot ofthe sample mean ages for SRS of ie 5 wing 
the same seal a you did fr the population dstrbution, Use instead 


eo | ldots when making the raph. 


5 Repeat the proces in Step 2 a4 for samples uf ize 10. Use the sre 
scale fr your dotpot and place it diectly beneath the graph for srmples 
ose 5 
(6. Repeat the process in Steps 2 to 4 for samples of size 25. Use the same 
scale for your dotplat and place it beside the graph for samples of size 10. 


7. Compare the datnbutom wth the thre appromate empl 


<iributons of T What do you notice about shape, center, and spread asthe 
‘simple size incremes? 
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pa¢Ni28:@ Making Money 


AA first look at the sampling distribution of © 
‘March, the CanrentFopulsion Sarvey contac’ close to 10,000 U8 
moti pelts Armen Scand EootorsSuplomest Fie 727), 
histogram ofthe eamungs of the 61,742 households hat had eared income 
‘eater than ze 3 recent yeat™ 


=. ce nah gre 
fest ene nny 
- deci cmpae ie 
t 77 sacra 
eal sani mand tn emer ample 98 
ios ‘dheronaret tte 


[GURE 717 (a) The dettaton tamed ncone na popuon 8472 foal) The 
tration oe eas earings FO SRS 00 hush anh am th pon, 


|v we expect he dato of an incomes song sewed othe nih 
seven Th ight ta ot atone tc 
‘gam ws bec thre ae oe high nce Bn abe ible 
thse tn fc wee extn le at 40,00 fave ae 
few how ene een soe tan S40 0 The sean br thee 
6174 bomen 9750 


"Think of thee 61,742 households 2 population with mean y = $49,750 Take 
an SRS of 100 households. The mean earnings in this sample is T = $60,807 
‘Thats le than the mezn ofthe population. Take another SRS of ize 100. The 
mca orth sample T= S083 Tha higher han he mem of th pope 
Lato. What would happen if we di this many times? Figure 7.17(b) 2 
fogram of the mean earnings fr 500 sample, each of size n = 100. The scales 
in Figures "17ja) and 7.17(b) ae the same, for easy comparsen. Although the 
{Saint of medal exrnzs red and ver spread oat the ditt 
‘of sample means i roazhly met and muh les spread oi 


"This example Mbtrats an important fact tht we will make precise i tht 
section: averages ae les variable than individ obserations 
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The Sampling Distribution of x: Mean 
and Standard Deviation 

Figure 717 sages hat when we choose many SRSs fm 3 popolston, the sm- 
pling dnirbtion of he spl mean centered tthe polation mean ds 
[espe ot than the popltionGxinbuton. Here ae fact. 


lng Distribution of @ 


slong 2 the 10% condition i satied: <2, 


“The bear on repestedsamples ch ke tha ofthe sample ropor- 
on 

+ Thesample mean ¥ an unbiaedeimatr ofthe population mean 
The aes of ae pend ot for er sane. Ths tandard dvi- 
th decreases a the rte Js yom tke + spe ois age a 
tthe anand devition of i alt 

* You shuld ne the forma fre tna deviation of only 
‘hehe pan wat bine ae thea he 
Centon 


[Notice that these facts about the mean and standard deviation of are tue no 
‘matter wt shape the population dharbuton ha. 


presenti 
‘want to know the oder 


‘Soppone we take an SRS of 10 aduls 
fields he enn er Hach ar erik a a spe, 
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‘Can we confirm the formulas for the mean and standard deviation of x? 
‘Choose an SRS of size m from 2 population, and measur avaiable X on each 
indival in the saple- Cal the easement Xj, Xyo the 


eplation athe sample, we can ik of hse Xa ep 
ein til nwt el po id din Ser 


relax tet) 


cam se the oe for nr varie om Chaperone mean ad 
andard devistion of. Hwelet T= X) 4X; +.-.4Xy then F= Lr, 
‘Ung the addin roles for means and variance, 


brtat hate ten adatoms pene 
of 04, +0}, to 40h, met 4a tn tot nt 
sty =Vret = Vo 


‘Since sj x constant multiple of the ranorn variable T, 


poder dee 


ie) [Bem fee 


ve 


2 
Sampling from a Normal Population 


{We have desenbed the mean and standan deviation ofthe sampling distin 
‘of asample mean T but ot ts ape Thats becatse the shape ofthe distin 
‘fF depends on the tape ofthe population dbution. mene important case, 
there sa simple relationship between the two distributions. ‘The falling Activ: 
ityshows what we mean 
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& * ACTIVITY Exploring the sampling distribution of & for a 
+ Normal population 
sari opens Ronee os oe eas TF Pe 


‘fesor David Lane of Rice Univesty at developed wonder applet 
‘avenge sampling tain of Ft smi, and ts pet fon 
vith nth Acti, youl me Profer Lane pple io explore the shape ofthe 
‘ampling dation when the poplin is Normally ited. 

1. Seach for“RiceUnieriy sping dstbuton applet” and gol the Web 
sie When he ECIN baton pea hc ie i rec clk 
You wl hen sea yellow page etied “Sampling Distbution hike the one 
thefiguedow =z 


22 There are choice fo the population distribution: Normal, uniform, skewed, 
tnd esr. The dts Norma. Click the Animated” baton, What hap- 
pens? Click the button several more tines. What do the black bores represent? 
‘What the be sure tht drops downs onto the plot below? What docs the red 
Iorizantal bard ur the toga ll i? 

Notice the let pane. Important umber ate displayed there. Did you notice 
thatthe colors ofthe numbers match up withthe objects to the ight? Aa you 
mate things happen, the numbers change lke an automatic 
scorekoeper 


4. Click on “Clear lower 3” bo start clean. Then click on the 1,000" button 
‘under “Sample repeatedly until you have smal taking 10,000 SRS of size 
n= 5 from the population (lok fer “Reps = 1000" onthe left panel in black 
Tete Anover these question 

"Dees the approtmate sapling dsinbtion (blue bar have 2 recognizable 
shape? Click the box ext to “Fit normal” 

“+ Compare the mean of the approumate sampling dsbution withthe mean 
ofthe popolticn.| 
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1 How s the standard deviation ofthe approximate sampling dseibution 
relate to the standard deviation of the population? 

4. Click “Clear loner 37 Use the dropdown menus tose up the bottom graph 
to display the mean for samples of size m = 20. Then sample 10,000 times. How 
do the two distributions of compare shape, center, and spread? 

5. What hae you learned about the shape ofthe sampling distribution of 
‘when the population fas a Normal shape? 


As the previous Activity demonstrates, the population dstibution is Normal, 
then a0 the sampling dstibution of Y. This mae no matter wht the sample 


‘nan on aden of pda 1 sec 


We already cw the mean and Wandan deviation ofthe sampling dst bution 
All we have add i the Normal shape. Now we have enough iormation 1a 
Calculate probate svolsng wher the population dsnbation f Nonna 


Young Women’s Heights 
Finding probabilities involving the sample mean 


“PROBLEM ehh yun nome flows Normal tito otha j= 64 Sch 
sister devon = 25d. 


(J) Fd hepa ht arandnty ected yun woman stl tan G6 aches. Show 
yar. 


(0) Fd the potty hatte men hah anf 10 yom women ced 665s. 
Stoner 


(a) Les # be the height of arandemty selected young woman The random variable Flows a Normal 

‘detrnaion wt j= G4 5chesnd = 2 Slaches Tota UT> 665). 

+ Sunde We 1665, = 26254 90, 

+ teed M> 66.5)~Me> 080)=1 07081-02119. 

‘pepo ones roe ht ad 6 eee 

amit 

0) Rea sR5ef 10pm mene sap stun sample le 
(45 ne head eho eat 110) = 100 

pone pin re eddies ov == 23-079 Sat 


‘eprint ermal the est fon an MGA 5,079) tition Td 
‘epetahey tan > 66 Sects 
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Foxpa a, sar ne Noma 
Gane ape ema na 
2.3) eiteguaneg 
ad ius PO 885 
Ont Fea 
tema Ce gpa 
formatoae 165, Fare? 18 cmpares hppa dst sdthe Sain srt ae 
Soo. et 6 79s enne sows theaes comppndg se preabitis wt cmp Youcansee at 
praetor ys \7 much Rete erage ig of Oran eerie you women once G6 hes 
Stag) coos ‘hans terth ig of endo ec ry oman ceed 66 Sinks. 


“he ft that averages fie etn te varie than nda 
aber portant x man sts or camp coon pac 19 
‘epat a menutcne see tine and reper the aso tw Tk 
elie env epested messements a SRS fe pope of oi 
Comes ne woud gw ees the meaananet oevehe erage the 
frau (he mip ese ston ee than sige meinem 


(CHECK YOUR UNDERSTANDING 
‘The eng of han pegpencis fu cong te bi aie atte ta ds 
in that approach Normal wth mean 26 da and eed devon U6 days 


1. Fn the poly that «ramoraly coven pert wotnan bas «preset 
(eas rere i 270 dap Sh por oe 


Suppor we thor tn SRS 06 oogend wen. Let 
forthe ple 

2. What the meen of he spn nti of 7 Espen. 

‘5. Comput the sandr evo fhe serpin tition of Tick ha te 1 


soc pega gh 
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The Central Limit Theorem 

Most population dstibations are not Namal. The household incomes in 
Figures? 17(a)on page +8, for example, ate strongly skewed Yet Figure 717() 
sapgest thatthe dotnbution of means for samples of size 100 i approximately 
‘Normal What the shape ofthe sampling dstibation of = when the popu: 
tom distribution nt Normal? The following Activity sheds ome igh on this 
weston, 


& = ACTIVITY Exploring the sampling distribution of & for a 
{ non-Normal population 


(P aTeRALs: Compote with internet acest—one forthe cls one perp of students 


Lethe the Rice Unversity sampling dations applet fom he penn 
[in bogs ake sev eth feral ppt 


1. Goto the Website and launch the applet. Select “Skewed” population. St 
the bottom feo graphs io display the mezn—one fr samples of ie Zand the 
othe for amples of size 5. Click the Animated button afew times oe sure you 
see whats happening, Then “Clearlower 3 and take 10,000 SRS. Describe 


‘what you see. 
12 Change the ample sizes on = 10 and n =16 and repeat Step 1. What da 
you notice? 

41. Now change the sample sizes ton = 20 and u =75 and take 10,000 more 


samples Did ths conn what yon swim Step 2? 
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4. Clear the page, and select “Castor” tribution. Click on a point on the 
population graph io inset har af that height Or click ona poi on the hor- 
2ontal as aod dea upto define a hat. Make a disibution that looks 2s strange 
ss you ean. (Note You can shorien 2 bar or ged oft completly by clicking 
fn the op of the ba and dragging down to the axis) Then repeat Sep It 3 for 
your eutom dabution. Cool, uk? 

5, Sommanze wt you so stout the shape of the sampling tution 

r 


tt isa remarkable ft tht 2th sample ie increas, the dstbtion of 
hangs shpe looks ek that othe popultion rw more a Nol b- 
bo Whether 
Nonal-Thss te no air w palate dnt anon 
2 troponin and Sates Ts enn py 
theory ale the cet there mci abet CL) 


ow es sng es kl oe tN pct 
noi ie ent ween ee 
“inner be See aca he ng 
Sine Fata neyaetltaccmg rte OF 
‘infu niet aan 


A Strange Population Distribution 
‘The CLT in action 
‘We ued the Rice University sampling dstbution applet to crea a population 
Astibation witha yery ange shape Hee isthe population dstbution. 
‘igure 719 shows the approximate sam 
station ofthe sample mean 
saat szeajn= 2. 5.e)n 
= 10, and) n= 35. Av increnes, 
shape becomes mere Normal. The meat 
‘emminsat = 135, andthe standard 
ele tenes ing te le, 
er SRS fe 3. the ping 
‘aon i yey now-Normal The dstrbution 
‘of for 10 obneratons slightly skewed 
tothe right bt lead resembles 3 Normal curve 8) ~25 the sampling dt 
‘bution seven more Normal The contast Between the shapes ofthe popltion| 
<lstibuion andthe dstrbtion ofthe mean of 10 or 2 obsratons sting, 


‘FIGURE 710 Th cereal et Premiere bon saplemeare Fam a 
seer nn rma pop ecrasmoreNoalas hese errant 
‘Sarin ¥ 2 carton Te ton tr chert The dbtin 
(AY kr 10 ctaeaone [The denon kr conan. 


{the previo cpl latte, even when the population dstbution ts 
ses Noa. pg tro ns pony Ni 
tal wh sample ae sa “re be wf, wl egue thal ne 
$Hleat 3 ook the CLT Wl tata sted we can now a the Normal 
condo fr ple meen. 


Normal theorem 
tes ib smplg etic wl pei Neal 
mont exes fe > 


"The central limit theotem allows us fo use Normal probability calculations to 
_anenet questions about spe means bom many obuenations even when the 
‘population dtnbution not Normal 


Renrmeaye eras 4 
Calculations using the CLT fe 
‘Your compan: has 2 contact to prt presente maintenance on thon: 
sands of steondtonin un ste on Bascom sree oor ome 
een tien ay tt cin gro compete he ek 

Flos the esto mfwe dems ume monn the mae, Thi die 
trib sarong ightstewed and emo! Hy onteomer se coe. 
“The mean ime I hoa andthe anda deviation in Iho the 
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‘coming neck, our company ll emie ah SRS of 70 aiteondioning units 
ine ey Yu plano badge sn erage of 1 hooper unt fra technician 
tocomplee the work. Wil is be enough? ello the fourtep proces. 


‘STATE Whas thoi tate rag maine tine or 70s ceeds 
Thaw? 
A Mhesanpingdsrvtin fe sample mea in spe wering 70 isha 
+ nae je = = thw 
+ stad detiion 9, = P= 0.12 sheet 10% 
ends ema (7) =700 arn 
‘slate opin). 
_ marred 
‘The dtrtin thre apodite A(1,0.12) Neva 
“wd > 11} Fie 720 host ermal cae wh th 
seseede sade 
0 ede ethers 1.1 hos aera 
CURE 72) Te Noman an aeni nies 
Int tenn were bearanddtoranananar * Sumliki s= "pyq= 088, 
conte + Wa A RF >A}= Re> 089) =1 0.7967 = 02099, 
CONCLUDE Nyeuhdy 1: hws ern hei 20% cnet 
Uno etomarmen tutheahms oe compete healt oie deel 
‘sin in ify he cede oti rt 
foo, 0.13) ihe Omen 


gare 7.21 samarzes the fet about the sampling ditibation of. Ae 
minds sof the big dea ofa sampling tration. Keep taking random amples 
fof size n fom 3 population wih mean j. Find the sample mean 7 for cach 
‘ample. Collec all the 7 and dapay their dribation That’ the sampling ds 
Teuton of 7 Sampling dbutions an the key to undentanding ttl i 
ference. Keep this ate in und for ft reference 


GURET2 Tear Sven aang me Fa a ad en 
o/s thas ama ope pate Garba Nora tan ant 
Noma tery duran 3 Fs eararay Noma Iesarpe sae aera 
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case closed 


Building Better Batteries 


Refer othe chapter opening Case Stay on page 415. Assuming the proces f work 
ing properly, the population dstabuton of butery Imes has meat = 17 hours 
‘ad standard deviation = 8. We dont know the shape ofthe popaltion distribu 
tion. What ae the shape, center, and spread ofthe dstibution of sample means for 
random samples of 30 baterc? 
‘Shape: The sampling dstrbution of F willbe apprsimately Normal since the 
"Normal condition is met: the sample size i atleast 30 
Center The mean ofthe sampling distbution spy = p= 17 bas 
‘Spread A long 2s there ae east 300 bateris produced per hour 
(10% condition), the tardard deviation ofthe sampling distribution i 
708 
0, = e= FR = 01461 hou, 
vn Fo 
The 30 batteries this andoen sample had a mean etme of f = 16.7 hours. the 
cs working peopery, what's the probability of geting a random sample of 30 
isin which the samp mean Iie 16.7 how oF les? 


© Standardize = = !OZ=U? 0 208, 
© Ue Table A <I 205) = 00202, 


Tete is only about 25 chance of observing a sample meso a snl saller tha 
the one obued (F< 187) the proces is working propery This snl probably 
poids erence that dhe proces ol wins 


Summary 


i has sea ce sd a pode oes fs ce, 
ber kerir pepper iano 
Faaet pis pg chet dessert 
astral pamhental oben aces angers 

+ Then of he mpg dbtone T a bi 
onan 

+ Thestad distion ofthe sampling triton of 7 o/ ean 
‘SiSofsacftepoplaten hand eatin - Tha erg 
Perel parererieermcny eee she 
i ppuaeuater onsale memes tse 
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‘+ Choosean SRS ofsizen from population with mean and standard 


deviation the 


station is Norm, then othe sampling 


‘dsibution of the sample mean 7. Ihe population distribution isnot 
‘Normal the central iit theorem (CIT state that when nis age, the 
sampling dstbubion of Fis approumatly Normal 


“+ Weean me a Noon dsritntion to calculate 


probabilities for 


evens involving F whenever the Namal eandition met: 
‘Ifthe population distnbution is Normal, so isthe sampling dstibation 


ofr. 


© n> 30, theCLT tells thatthe sampling distribution of will be 
_appeoumately Norma in most cases 


Exercises 


41. Sampson an Pod Devs a a abt 10.00 
es tng The tien of the play tine for hee 
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‘ekg ct ae in ft 
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frmayfeef meyers taper ear 
foc epitrerynienper eer myer ieeeny 
fe eye any epee 
posers wer amen peretrees Ey 
Weep deeded a Ep 


SL. Songs onan Ped Reker o Exec 0. How many 
sop would you aced seme fy ant he 


0 


standard devon f he mpg tation of to 
te Boseeonk? ft your enw 


amare ee 
miere nena” 
poet ast 
Tames 


spel Sopp at ted ssh 
1a cn age 3 4 low the Noval de 
epee aco alizme le 
(mpl) and standard deviation uh 
(pcoeerassnsaveem ee pn 
Whammy ani of? 

(b) Find he pei tl ein win 
Sag leet tat teva aoe 
ascend 91) Show your wk 
(6) Chee a SRS f 10 en om i 
Sop chatn te petty ln 
Pere eer heriveninr 
epee er 


4. Stop the eet Aca comp hat he 
(eben pheian rea 


otiing ola Abstlingcmpary was lig 
‘machine ol plate ots wa cal The be 
tresupposed enti 10 alr el). bt, 
the cantents ay 0 Neal dtribton 
‘nh ean = 29 land standard devon 
poset 

(4) What the probably tha inal bone 
‘nai le than 295 nl? Shr our woe 

() What the roby hae mea cones 
‘fs andl eet bles ethan 295 al? 
‘Show your wrk 


ACT oa "The pe ro eve) 

talons on the AST cg: vere coms 

2409 lowes Nr dobanen ek om 11 

tn deplete 31 

(0) What roby hat ne tant 
het ee i er 

Berhiphe Show yor we 

(8) Now awn SRS of 50 nds eo he 

{St Waa wth pain that ene of 

{We edn are Show ou oe 


What does the CLT sy? Ase wha he central 
peeled aa 
fom population, 
Perel atom nares 
snore Norn bth den sgh? Epa our 


‘The CLT applet Goto the tetbook We ste 
corn nhfreeman comets) and eek om 
‘Static Applets” Lach te Cena Ua 
‘Tete ppl esha eb eoeaBlte 
‘thet bee, Cit ed dg he der 
hangs the empl ie and watch how the dem 
care fre gig tetecen haces wi 
‘Wee vartcnec decthig eat 


apocrine 


0, Somgeom anid Refer to Farce 
(a) Eagan why you cane ey lela the 
ute mean play tame Fe a 
Vt (240 sem fran SRS of Wy 
{8 Sop we tak an SES of 3a ted 
dating dea it tre er in 
i ma fl i 
Pecos Then elle hn poy 
Som jo wr 
(0. Lighning rn The er feign 
pyeeipetgs el igs 
‘mean and andl dessin £4 (hn es 
‘Seip of moc he Une Sa Te 
eal Lining Detection Nw (NLDN) ome 
stor mu wah feline «ode 
‘Spe 1 ocala end 
(6) What ete ewan ad dein of 
te anpie men mer ks or ogo 
pales 


rm a cy nee the po 
Sagharetlanrmngeatae io 
(e) Seppe the NLDN ties ner sno 
150 quae Lenn ned Haan ha he 
‘irl ther ws a ray 
item ds fied es por 
‘Glenrothes oe 
Peery 
1. Aine pga pt arb pa 
decry wl ti pry te Feed 
IES Kimi PAN ld nn 
ees 18 pd te 
a 
Pepecionen-serrertys er 
a, 
SS peeel Weg mes Nel ed, 
pt erie apiarrohparmndrwr py 
epee yore paren oar 
estore: saya ap pra lars 


456 CHAPTER 7. SAMPLING OISTRIEUTIONS 


(x) Epi wy oct ae he by 
thas eden el pegs we oe 
20 pour 
(bP he pry hat te tl wef he 
penege ons lh acer pds Show 
Youre it To ply fc cen srs 
th ble es mea noe) 

(© How many people ina a A std of noir 
tlm rnc coum the me of pele 
treach wenn ron ot aan tor 
‘hangs Sopp tht or cotta eas 1 ad 
Stand dovation 075 be falc 
ihe th chang dr er 
(e) Could he xt datetime mt be 
Nomal? Why or cy 
(b Tale ger estimate Bt he cgay fe 
Iehewhange 470 opr bt rae ply 
tat 0 a ay me Han pele Sh 
your nent Rete ths wn emf he 
tren aber people perc 


6 Moreon inmranee An imuranee 


i Sees 
(Sse ee 
pcre elec rwreeliral 
eared 
Pt pesiiniheoraaaaeary 
rte tet ay 
eet gy 
eral 
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sede ene me eo 
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eo Fallow ppc 
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th 

ern 5 fr oth llaing tig St 

[operecrsehyet err eon eee areas 

{sec Nowa ih nns 315d are oe 1 

‘inthe a SRS of 10 den nd nce SAT 

yates, yen pede 

(5. na ge ys pet 
pry 


ao 
(©) pone thee, 


te) s19/vi00 =. 

"he standard devin he eng oe opt 
Seldbedmet 
fou 
(htt 
fe) nda 


1 
14. (@) mea thee. 
114 


ep 
Fpl fal ELBW tas acs mes th 

al pes of e219 fen i 
peihte eerie cc uta 
fuisie 


(0 ad pnt emp fi 219 fe ie 
Prpneon the manned thro Fl el 
(0 yet ar andar pe oe 
Rho create 
{2 apne spf 219 fe hie 

Tee les don 
Purest 
(tei Biel oe de 
Periapsbensn ey 

Shenk ag 
iste arth Pr tof mt 
Setar eed te gi The ce i 
fosieen dy 
(0) nee kt ede a kt ge 
Qoseeqnen sine hema ginal 
tnataape 
{0 the mem no ag mero 
sins dat th me ap ely 
vcd pion retin 
{0 eee ed tif rf 
peepee charmer paren ered 
Pereira rerrbvarenrieyarseria 
past ay 


(2) he aerpe bare tne of large mamer of 
(et don tat clone Neal 
(e) the average barout ine of lager of 
(lhe ton hat actly Nol, 
Ezines to 72 fet the fllowing ting. a tela 
gage operetta, Yo ain he labo Fre” 
(Frse ame forwerk and ther wering or ately 


tech et Te engl nc ic pepo ot 
Tie atrovent hee ppl) wb ee 
foe Here a dts er he Comer elt Sunes 
Feehan poplin ape ye alone nae 
yo Thc ble ce arco anand of pede 


‘pieacaion Watpopaaion ores Epon 
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ome Men ae 
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2 Wace 
Peer lip ermal 
(Seas 
Spee mare oes 
Cerra iglictec 
(stanly 


7 Unemployment (5.3) My know hat adm 
fecpretesttget teria 


‘hate wht te rab hat he ose i 
{Be toe ace? Show your wk 

"Unemployment (5.5) Arc the events“ the labor 
for pa a nr 


7 Chapter Review 


“This caper lntradices sampling ditto of 
tists sampling dsibution dexenber the vloes 3 
stasie woul take all pnble sples of the seme 
sire fom a gen population Its eet lo estimate 2 
tinker population paamler wth ate wag 
1 bias and low variably. Sections 72 and 73 ve 
‘details about the sampling distributions of tra impor 
tant tats the wmple proportion P andthe sample 
ean ¥. Thee tatisisbebave m mach the same way 


‘+ They we rbasedesimaion of ha corespnsing 
cuisonpranters 

“+ The sind evan oe siti decease 2c of 
‘fr ante single ste nines, 

“+ Ther smging devise ar sopra Norrie 
sve slag aah. 

“This final similarity ia main reason why Normal di 

{mbutions ae ao important nabs 
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Chapter Review Exercises 


“Thee a dened lp ou reve the 
Inport dea aed mth of the Chapter alent 
(Senge pd ae ee 


+ Ding between pana anda abst 
BTL. Ba ogg Sale of es that teeta with 


epee prem 
ie ern so SS 9 gs a 
Sel in w Oy, The Wheiny Reef od 
Tegal iment. Uwe ae 
pode OT open oY) ol a spe 
inet Mey te ppt tpn, te 
pl ith at 


vet R72 ad Orb te ling sting 
Hara in Nw won do bc gb 
MO yenboms erase pe. Te ton of 
‘hitmen ppm Nepal whee 
(gateund oes dene pon 

{the ge bela amie) o rm we 
3117 gram We wed Fathom svar othe 500 SS of 
Sot wd elie gy (enero) 
Fea mp Te pbb wn de 


4 


Unctandtb eincn af ameing ttn 
*Dltrqth eee pert derbion sareieg 
ron, andi dation cf sanle ca. 


2, ih weights 
(a) Ste pnt pop of the bi of mm 
pl data evar SRS cls Sth ey of 100 


(0) Epi the ipl of ape emg shne 
sol the ect pling dotting 
noe 


1+ Dearne weber sts an util eimat oa 
eal par 
"+ Undead rer beeen sacl ze and 
wwanig dancer 
3. Bit weights 
(a) ete ample ange a unbined einer f dhe 
population spe? Cine eidence fom the pp 
‘ine appt your anmer 

(6) Explain how we ful dcreme the vray of 
‘he sampling dtr ofthe sample es: 

‘+ Fb mnan an tad etn oe aging 
‘Seton cf wsarpe proprio ran SRS ol az 9 
‘oma ppdaton avrg prperien pol cee, 

+ Chuck aber 10% ard Noma conto we matin a 
poner 

“+ Use omal epson cake public 


80,4, Deyoug? The Calo Puionc bed rendon 
of 1540 sl, “Do yo happen og” Spe 

Aaa et 19 fal ada 

(a) What the mea of sping dro of 

0 Fated aon ping ht 

(0) Fendt aandard devon fhe ping d- 
Inaton off Check ta the 1% sori me. 

(6) the sapling hbaon off ape 
Nera hor mer 

(a) Pade poy toa betwee 139 ad 7 of 
tender api 1540 cdo es She 

yorwek 


“+ Use the sampling dictrintion of } to evaluate a clam about a 
ren 

175 geek Td ep eh 
peep Men coh ot Reto Rog 
acres a neestee 
Seamer err 
Spebatagagieceteneny teh 

Ptr ee peter shen anre 

Spec eevee nae 
Sen ng medic ategenes 
Bp eee are pe 
Truce Coie ee tc peeeed 
Fate cence heen 
Sipcpas aetna 
sctma tteraomcammcunenian 


svn sme of 10 tne ps the ton. Only 3 
eeturelige 


(a) Acme Gat he Cons ape clam tra 


Find te probably thatthe roprtn of wae 
ibs plied igh eer ceca 
eect args Ree 

(b) Rose on your renal (de you Beiwe dhe 
(Core pe hi? Eagle 

+ Fede rsa rd sara devater fe sanieg 

lion of sample mean¥ fon an SS ee 


76, 10 tet Tne Washer Adit 
IMA) cme A tt le Ths 


{SE WAIS sores for pono et 15 yeas ofa 

‘ately Noval wil can 10 rl nando 1. 

("Wha ne pokey ats wenden ces 
India! har WAIS scone of 108 or higher? 
Show your wok 

(0) Fite ra ad anda det fhe sr 


Pind of he menage WAS woe 
Isa pee 
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(What ie he that the merge WAIS 
wom fen SHS of 5 prope i 105 of higher? 
ay 


(2) Would yur anene tary of pt) (hore) 
elcid the detion of WAI sare 
‘he ad poplaton were dati now Noma? 
Elan, 

| Use be ca it eae Wht pebbles 

‘nokog a spleneat 

[R77 Detecting gypey otha ‘The yy nh a serous 

‘Breit ook andiapen tees A alate apelre dept 

nent place tap mothe sale fo cee the ets. 

Wet a ce "he mean mer 


ed it woe ap hve evel 

ff math cous terete and 

Tgp dowd ceded eon 8 

Ta)” What are the mca ad tandand deviation of te 
mur of Tan 80 

1) Teter iat heen lp yom i he 
iy thal Se eget of ts 

age ree tan 0 
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Seeton I: Multiple Choice Sele th be ammer each queion. 


[TTA A ny of oi ne 658 ce ot 
ors shay afer ws lestion OF these, 72% ad ya 
‘dedi th lew: Election rect ae a ety 505 
‘freiteredyters edn the lst, Which 
lowing eee sto de! the belle meee? 
(a) 72% ew sample 56 population. 

(by 72% wd SOE ae bet tate 

(e) TM ie sai aa 50% i prt. 

(a) 72% ea paneeter ard 56 wa ttt 

(e) 72 and 56% ae both parame: 

"T7.2. The Gallop ll hr died to income the sine 
ffs andor sample of tr Fort shoot 1500 people 
te abou 400 peopl gh fore an cleo The pl 
pec ge rerio rene oy aby 


‘nw lr bing sini pi bid, The 
Prearry 


(a) reduce te ba ofthe ete 

(6) incense the bi fhe eine 

(el sede te vay eet 

(a) ince the aby fhe tate 

{el Ime ee wee Se pplabon ie the we 

73. Sappne we tcket am SRS of ave» = 100 foot 
— saeco Let be 

ees in atop Rech Ses 

spool tbe ade tree the Nora eprosination 

Beep Sano BP 

(001 Ante) 85 


(a) 0975 (e) 0909 
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‘TTA, The cena len here epoca in tate 

Seca tallws ut tote he Normal dab ae 

Infeece conceming te population meas 

(a) hese ie emonaby ge fora popdeton 

(©) if the population = Noorlly detrital and the 

‘aiaple were atonal le 

(e) ihe population Nema dtrbted or any am 

ples. 

(4) fhe population Nora dette and he pop 

Tito etn sen fray sample sae 

(6) ifthe population ni reannahly ge (aber te 

plato tebtion oma oem 

‘TTS, The muber of underaasat Johs Hepine 

Universi ly 100, while the mmc at 

‘Oh Slate Unies apprenitely 40,000. A bth 

‘hook, esinple nnd sample ofabout Vf te under 

(resin taen Ea ample ed extiati 

foto p fl tar at erty ho om a 

Suppose that, ft, p= DA tbat chase Which of 

{he llloving hehe renchaso? 

(a) The estimate fom Joo Hopi has Hea sampling 

‘arity than tat bo Oe Shae 

(0) The estate fom Js Hopkin has mare sampling 
iy than Bat or Of Sate 
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poet aarercame em rary 
Sherine igen ahs 
tom eat tte Wye thoy 
Sgrasias dats Sots do ppacie 
Peder pet fold ere 
[Sears emer payee fori 


(&) apgeosintly Neral with mean (55 and andar 
Pasarry 


(e) ray Normal with meen and tarda devin 
os 


(a) apponinatcly Neral with mean (6) and standard 
pavers 

(e) benny sewed wah mea 5 and standard deviation 
as 


12. hte ga ete 
page erp 

(G) The standnd devon of the soning ditetion 
Seer srecee 

Ga tirana i dor lg ttn 
Per eer ernie 
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ep meh aed a 
—eaee 
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(9 Te eager ght 
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Lica 

TA mt pl mae nt 
oe 
err ery 
ana 
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Soeretneecwmacentan 
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erent 

Urine) 180 1 ae 
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th oreiciene 


“77.10, Seppe tat yo ate sn! ide the ray 
‘aalager bc psec tn pay pe 
Sak ak hci Beton ae ok noe 
hea, yout py fr he week $0. sons pl, 
our pr forthe wk $40. Yu wok the yt 
Ton ck Suppo we chon ar SHS of woke andl 
pre ET ge oh 
Sucaasaeabe ac pecan 
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Section I; Free Response Show all our work Indicate clearly the methods you we, Became you will be 
_gaded an the comectnet of you methods wel a tthe accuracy ad complete of our result aid 


explanations. 
"TTL, Belo at stags of the alc taken by nce 
Inoekc duaba narod eibalionyls tows Uocione 


Pplaton The roe ple of the ppolaten parm 
Taopel ei srt ooh Fela 


Which statatie would pone the bet etme of de 
psc? hl our see 

"TTA. "The aman hat hone py ere provides 
for sce othe Inert ares ote» Bt, bt te mea 


ene $2 and he stand deiton eS. The 
‘Sedna net Narmal ay hho pay boat 10 
(eels dp ace erat $0 for elie dap 
‘sens, bul ome ay rich ne er connerions A 
‘Sept soney ean SRS of 500 hcl with Inter 
Slee ioe tak Gry pot ak tec em 
en 
(a) Explain why yo cancer the ruby dat 
the amount «nde aleced cold ps for seme 
teh Internet exces S39. 
() What ae the mean and senda devi 
oping detent? 
{o) What dhe dupe of dhe empl dtbton of 57 
Tend your newer 
(4) Fina the pba that the aerge Spl by the 
‘mpl of hous enced 29 Show your work 
TLD, According to verment data, 228 of American 
fiw eth a ae me es 
tem than de ofl yovery Hebel A ty flaring 
‘ay clo chowte a SRS 30 laden Find the 
robaby that tore tha 20% of the ape ae fo 
ety Hore Be wet hee a yu enn ne 
al eppeniion, 


of the 
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Section I: Multiple Choice Chome the bx nme for each question 


APL. The vember mney br da stn ren by 
rin = 5,Q)= 1M = 20, Qy= 0, m= 7 Ty, 
‘terest sie ep rt dat hat 
Ieene tha wuld show outer, any xed), wha wend 
Tete mean poole eng fen de sfrker™ 
ws oe as 
(35 ws 
APL2. The probubiy dition Gr the sunber of 
a ef es of al rc by 
ies 
03750 02500 0062s 


‘Nemterafteade 0. 
Pilly 0065 
"The probability of ting at emt ne al fr tes of 
(a) 02500 
(b osies 


(0687s 
asm, 


(e) pone 


APLS.tnacsain aps pops of aly, he ab 
‘heroes tery owed ah ncn 22 
‘is dandrd dst 5 Soppne 20a etn 
‘aye nhs ppd rx mc aa 
Stay The ttn spe mean csc 
(a) kelttewed wih an 12a dard devo 035, 
(6) cet Nal with ens 2 ear devon 5 
(ch cathy Nera with not 172 nd tad devition 


(ej apgeintely Nawal with mean 122 and standard 
parry 

AAPLA. All.quction mpl ct fen hier 
[ae ee map lays eer epee eres 
pebbles 1 of ging anyone arewer comet Yor want 
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Se feierse aeons dcresbe ie menl etaomet 
siren that Jom go One coment wy fone sable of 
‘Se gio dnc linge 

(6) One dg fom the rnd dit table sees ome 
ever wih = igh nd al och — wre Tem 
‘ig om the blest I awe 

(0) One dt for the dor dt able snes ome 
sever wih or} ight wn lf oer gy roe, 
‘Teg fom he blest I mene 

(6) One gt fu the rer dit table sms ome 
Sorter nth =I G90 ll ee soe en Oa 
‘om ie ble smal 10 anomere 

(G) Tw dig om the dorm dg tbh date ome 
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efi desde es et ample fe abe 


(a) 955,929,400. a 929,40, 7, 
(400, 76%, 76, e) 00,708,335, 
(e) 55,204, 07 
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ning» empl of 10 hin whch eve then 6 
Few ee eer reg Bt Bir mote fe sey 
Seer oral fiber deo ova ck 
heme w doe ent coum? 


ts (9) erreaye (axon 


65071 
= 
10 


ceases 
pce ter re 
ee 
iiaeoe es 
=e 
eae ae 
Lor ela goles 
petra nr 
[heheleals Pe 
pocsae rene 
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ee 
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my frei gt rot 


we Te 
a en ee | 
we sm 
What nthe potty tha randy select al 
benim the gf eal 

4 9 al wie et 
ow oH wh | 
APLIG. When people onder tens fe ete 
sear tho ee inped manda et Super tat 
(he te sept es 1S pone hed 


‘uate Spud the mean te pkg 
(eral 05 pore ih tard Stn opr, 
taal he ee rhe bles epi i 
eked deen cS prs Ag at reo 
rotted vnc al weight 
Peay paren ray rie 
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API2O, Aryocery chain rma rin ney ping ack 
ute «ket tht ray nin pe whch ew 
‘Sled off Prise onthe ket della salae (S500, 
5100, $10) othe statement, “Thicket at a wines” 
Monctiry prize can be ened br rover a th re 
Heaes Oe denibelo oir por hese irs 
sted probabilities fr each pre 


mount von S300 S100 SSS 
Probably L005 020074 


What fhe fllowing re the mean an stand ea 
tu especie? 

(a) $15.0, 5290000 a) $15625, 55585 

(6) $1500, $5385 (e) 518625, 52693 

(e) $15.0, $2698 


ic ea oe ea 
“ioe fname re nd ee ane 
Saco 
soar bbesiememceeneaee 
Besar gs 


(4) Le tha 1 en, 
(6) AtTet 10 ites 
(e) Ena 10 ites 
(8) Allen $5 ite, 
(Le han 55 te 


Section I: Freo Rosponse Show all our wrk ict clearly the methods youu, Besse you wil be graded 
( the corecnes of your methods well aon the aceuray and completere of your ult and explanations 


{PLZ A es oe nlf ening 
tevged io at ep rae sored enh 
Shela ponent cura ra ol of 
£00 prope rely eed cnt ed ln em 
Sy eee elie ee ae 
Shaler ie eco ay wd ck 
Salts mn natn eng bone ie or ing 
feos! rel bp et a er 
pont tiogemee Saka 

(0) ban bern tay oa eptnent pain 
(8) De te a rie nici dee 
fem) baleen cake 

(6) Ein the ery of fing in th mt 
aly i oe eagles peekiecaing 
bishrs 


APILIN. Ther ore fur major Hood ype amen 
(0,4, eel AB Ta ty onde ng Hd sper 
‘mcs fot the Blood Bank of Hawai, sandal mere 
‘tial veetding eed pe il cis on. Te 
“se soup were Hvatan Han Wate Hevea 
(Chine aed White Sopp te Bid becker 
Perera rearacy 


1b) What he probaly hat the specimen conta pe 
AB Bln, pen tat # comes Sen the Hawai ie 
(pase She pat ak 

(0) Arete creep Wb” a “Hato elie 
(peo dele Cie ppp ie ethene 


‘New sper at woe Lihat ee etd 
Pring 

(4) Pind he pb that teat one of the pines 
nai ype Hed i Wise ci pos 


APLZA, Every 17 yeasts of cen cp rn the 
(pou inthe cater Uae Sta, eB abn wok, 
Sdthen he (Thereafter 
‘erecta oo thane ye) Taare 
‘neve mony ce tha ceded berks ase 
‘and nce plat po In sty meme 1 
‘Su onder 9b ced pant stn pt 
‘Rmcevan elfen ont Fret or, enone la 
‘nts One ote spore es meme wa 
‘cole podced bye plane Hee archos ak 
‘Sony sane snd an liar rae 
enon 3 unde coal) pln 


Varlania; minimum Q, maine, Maen 
leads plantas 396.07 8m 6.28 80 8.8 
omer plattas 136.84 g.iy 0.30 Oe 


(2) hea tert nd oan xp in 
(at er ih aro 
‘the langer ene? ipars) 

(6 Det pp et ed id 
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APLIS. Five cad, ch with dierent symbol, ate 
‘holed and you choca ne It the damon yo wi 
SSS 00 The cade are eiled ar each dee, You sea 
ev 1.0 frac slcnon You contin play uy. 
‘Sle the damon tos ame al on weg 
‘sys with sme aman you oe)? 


#ee\a\Q) 


(a) Deri how yu wl cy ot «simulation f tie 
ewig terre dig table belo: Be we 
‘ewe te dl represent. 
(b) Pern 10 epetiions of you sinalation. Copy the 
{and dy table nt your paper. Mark oo bore the 
{abla hl emcone ean bilo your work 
12075 15258 13048 45144 72521 61940 00360, 
(02428 96767 35968 25422 96012 94591 65194 
0842 55372 72429 $0282 97892 63408 77919 
570 04178 81565 42624 17797 49376 
16953 $8608 12724 62064 KBI45 3083 
169453 46109 59505 69680 00900 19687 12633, 
57887 95806 09991 02150 43163 58636 


{e) Bnd on our sition, what She average mer 
‘ch yo wlll ede dr Wo cnn che 
‘mcr? fy your ater. 

() thin fae pe haere wl you wi he 
‘Sine ant an he ap yo aan 


Introduction 
PETTITT confidence intervals: The Basics 
Estimating a Population Proportion 


Estimating a Population Mean 


Chapter 8 Review 
Chapter 8 Review Exercises 
Chapter 8 AP Statistics Practice Test, 


Need Help? Give Us a Call! 


your bl eleven yet, ou phone the abl compar gt tid Det 
fen nee oral Tm ot bre at yo il to 
Some be fed ver open ht onder ce 


Ala ak died ost hl ops tis 9 


Inshore dpi Tangle 
0 ‘~o me as, man 
Ses ery 
Clore eter i gen mont. What es 


ee ee 
‘bets cuoner sericea aac 2 cl 


Byte edol ie chapterwnibe ble eh 
pclerbrvirer es racer toy Sate 
pellicle conrad tt 
Sremeelsihis Oamakeliemnc 


How long does 2 new model of laptop tatery last? What proportion af cllege 
‘underpaduates have engaged in binge dling? How mich does the weight of 
(garter pound 3 a fastfood restaurant vay afer cooking? These are 
the pes uf questions we woul like tobe able to answer. 

TE woul be practical to determine the Ietime uf every laptop hater, to 
ak ail college undergraduates about their drinking habit of fo weigh every 


‘unger ater cooking, Inscad, we choose sample of individuals (batiens, college 
students, berger) to represent the population and collet data from thos ind 
‘duals Our geal in each cae ff Use a ample statistic to estimate an unknown 
population paramcter From what we learned in Chapter 4, fw randomly select 
the sample, we should be able 10 generalize our resus to the population o 
interest 

‘We cannot be certain that our conclasions are coneet—a different sample 
‘would probably yield diferent esimate Statistical inference wes the language 
‘of protlaity to express the strength of our conchsios. Probability allows 10 
take chance yarution due random selection or random anigument into 
account, The following Activity gives you an idea of what le ahead 


¢ ACTIVITY The mystery mean 
: (MATERIALS: TI-83/84 or TI-#0 with display capability 


In thi Activity, each team of thre to four tdents wily to estimate the mystery 
value ofthe popelation mean tht your teacher entered beat clan" 

1. efore clas, your teacher wll Mor value of (represented by M) inthe 
Adaplyealewator a follows on the home sereen type #4 ETM ISTHE, he 
teacher wil hen clar the home seen so you ca ace dhe vale of M, 

2 With the elas watching the eacher wll exceute the following command: 


“Thistells the calculator to choose an SRS of 16 obserations from a Normal pope 
lation with mean M aed standard devs 20, nd then compote the mean ¥ of 
‘howe 16 sample rales 

4. Now foe the challengs! Your group mt determine an interval of rxonable 
‘aus forthe popalition mean j. Use the result from Step 2 and what ys 
Tamed about tmping datributons i the previo lps 

4. Share your team's resus with the class 


{in this chapter and the net, we wll meet the wo most common types of for- 
smal satisical ference. Chapter § concer confidence intervals for estimating 
the alue of s parameter Chapter 9 presents sgnifemee ts, which asess the 
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‘evidence fra claim about 2 parameter. Both ypes of inference are based onthe 
‘Sampling dsributons of statis. That, both report probabilities that stale what 
‘would happen if we aed the inference method may tne 

‘Section 8.1 exzmines the idea of confidence inter. We start by present 
ing the reasoning of confidence intervals in a general way that applics fo est 
‘mating any unknown parameter. In Section 8.2, we show how to cstimate 3 
‘populstion proportion. Section 8.3 focuses on confidence interval for a popu 
tion mess 


Confidence Intervals: 
insections1, The Basics 
you'll learn about: 54, sehiets claw id the mystery mean Activity fram the troduction. The TT 


5 eT dea fa confidence screen shot displays the information tha the students received abou! the unkown 
Inter Population mean y. ere a sanimary of what the la sad about the ealeulstot 


‘Inerpeting confidence SP 
"Vem and confidence * The population drbution is Normal and its standard deviation is. = 20, 


Intra © Asimple random sample of n= 16 observations was take fom this 
+ Conarueting Lape 

‘confidence tare * The sample mean fs = 240.70 

+ Using contdence 


5 Antrae wisely 


we had to givea single number to estimate the value of M that Mr. Schiel chose, 
‘what would be? (Such a value known as point etimate) How about 240.797 
"That makes sense, because the sample mean T is an unbiased estimator of 
the population mean y. We a asing the stati Tas a point estimator ofthe 
parameter j. 


‘As we saw in Chapter 7, the ical point estimator will have no bias and low 
varabil. Here's an exmple involving some of the more common point 
timate 
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From Batteries to Smoking 

Point estimators 

POS nec eng eg teri pot stitial 
lnenenteotae aerate 

(2) ey osinpcasnattestiue te me ene of he ABest 
Ian satacer est sree ape 9 bees at capaci 

{nde eth nts a mama ee Hare ets) te 
Voeates tmnt cope 


1691 TASS IT58 184 1742 1765 1665 1684 1503 1637 1580 1593 
ASML 1745 1685 16:35 16.22 16:59 17.15 17.10 1696 1640 17:35 1637 
1598 1652 1708 1707 1575 1674 

(0) as prperton pot Nichol stdets soe T2007 Yt Rk Beaver Sry 
‘gestion aranion samp ef 14041 stds in gades 910 12 Othe, 2008 they ad 
stoked pres easton dyn past moth 

(9 teeters i et lem tray bbe ees 
eee teppei 


(9 tounge pir seppteen) rosin 
tenner 167 oe 

(5) ete ape prprin ta ot estar hppa prion Fr 
sare. potest j= GCE, = 020, 


(c) Vet sampleraic 5 aps estimator tthe pope o For te baer 
Meda orp etitele = 0.508, 


The Idea of a Confidence Interval 
Is the vals ofthe population many that Me. Schileneed nhs eaeutor 


“To anmwer this question, weak nother: Haw would the sample mean ary if we 
‘ok marty SRS of ix 16 rom this sme population? 

“The sampling dtibtion of F describes ow the vals of vary in repented 
samples. Recall the fact abt his sampling dibution from Chaplet 7 
‘Shape: Because the population distribution is Normal, so isthe sampling 
ddstnbution of. Thus the Narmal eandition met 
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(Center: The mean ofthe sampling distribution of Xs the same asthe unknown 
mean jf he entire population. That, jr 
‘Spread: The standard deviation of T for an SRS of x = 16 oberatons is 


220 


ve ve 


because the 10% condition i met —we are sampling fom an infinite population 
in thisemse 


Figure 82 summarizes these facts. 


Pin 


‘OURE 82 Th samping arson mean no le SRS 6 tne om a 
Nema ated popdaton wh rn ra ad snd eat = 20. 


‘The next exmple gives the reasoning of statisti eatlon trl, 


‘The Mystery Mean 

Moving beyond a point estimate 

fh a sh dan aed ou th mp man ey, 
dea wed the following lee come up with an "wera eta” th 
Unknown pepultion mean 


‘alin ike mV na tr (ry ce 
ak emean a tattoredt Gtsea Riad eter et 
[regis bem 
epee asiaacary kien encase 
Saou ourease 

I sass pts oon) aes eed ino 
adie a cs sted ny pop cap sod 
posit ilaptreeeair pe bi reine 
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4. Whenever xs within 10 pint of, 8 within 
10 pints of This happens in about 95% of ll. 
posible samples So the ine from — 10103 + 
10"eaptures” the population mean pin about 95% of 
all amples ofsize 10 

5. we estimate that es xemewhere in the 
Inter orn 


24079 —10= 23079 
te 
T+ 10=24079 + 10=25079 


see calelting is tna wing a maha 
that apiece abou 99% fl pou 


FIGURE 2 05% ct A ampig Flaw =0atne spl of this size. 
oounpopdaten ran Beal bee wi=1008 Fe 


‘oe sano 


Tha dm re 
sontnce new Wee | 
(etre tr Ste 
Ise rans 2407 
‘2007 

oan p< 207 wae 
(a9 am, 


“The big idea is thatthe sampling dstibution of tells us how close to the 
sample ean is ely wo be: Sttial estat jot tars that sformaton 
suid to ay how clne Wo ¥ the unknown population men piel wo be, tn 
the mystery mean example, the value of is tally within 10 ofr SRS se 
16, Sic the claw sample mean wa T = 240.79, the interyal 240.79 10 gives 
a approximate 99% confidence intra fr 

‘All the confidence feral we wil mect havea form iat oth 


‘timate + margin of mot 


“The estimate (F = 240.79 in our example) i our bet gues for the value ofthe 
‘unknown parameter. The margin of eror, 10, shows bow clave we believe our 
quests, based on the vatiabiliy ofthe estimate in repeated SRSs of size 16, We 
$y that our eotfidence level about 95% becaase the nteval T+ 1Oeatche the 
‘unknown parameter i about 9% ofall ponsble srmples 
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‘We usualy choose a confidence level of 9% or higher beeause we want fo be 
gute nae of ur conclusions. The most common confidence level i 95%. 


Interpreting Confidence Levels and 
Confidence Intervals 


“The following Acty ges you a lancet explore the mening the co- 
dencetel - * 


ACTIVITY The Confidence Interval applet 
MATERIALS: Computer with Internet connection and dala capability 
‘he Cade mera spe at te a Wb wil ly eee any 


‘oneness 
of a confidence level. 2 


1, oto ws ner on and ane he ape The delat 
SSeetien othe Core tn = 
22 Click “Sample fo choow an SRS and i- 
ply the confidence terval Di the 


so you noice? 
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As the Activity cons the confidence leel isthe everll capture rate ithe 
method isused many times Figure 84 lustre the behavior of the confidence 
interal T+ 10 or Me Schl: mystery mean. Starting wth the population, imag. 
ine tabing many SRSs of 16 observations. The fint sample has 7 = 240.79, the 


second has F = 005, 


the third has T ~ 248.85, and so on. The sample mean 


‘aris fom sample to sample, but when we we the formula 10 to get a inet 
‘al based on each sample, 95% of thes iter caplre the unknown population 


=r 
NY ase st tele 
pee blot man 
pcp 
t on 
Population — 
UREA up ba ¥ =1)809E cc are pepar men imy 


‘rat apenas ra cate 


oa) 


FIGURE 8S Twenty Se sarge he sane ef 
‘sare platen gv hese 95% caesar 
‘ntheleg rn, ol sales gh an ned at 
‘aes he popdaton aap. 


Fpwe 8 hate theses ofa confidence neva 
tls iret oem shows he eal ding ay 
SKS fm the ve polation nd esting 3 99 
Confidence tena fon ech ample." elt 
ch ln ee fo mb 
‘Spl The ampli dation appa a he 
{Ce ge tote gt pate of vat 
Sete cones er an 9 SSH pa 
ta 


 ThecenterT ofeach eral ake yd 

1 Thedtance fm th dt iti end othe 

itera the magn or 

4 he 3 er at cain ee 
pH we tn ll pom amp, 9% | 

Steg cekiner tarragon 

igre 84a 45 wth igh we ned ne 

petted ends ae. 


eee ean ee ee 


‘atameter, ay “We ae C7 confident thatthe inter from 
spttes the actual value ofthe [popolten parameter in con” 


ai 
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"The confidence level tells sow ikely its thatthe method we reusing wil 
produce an interval that captures the population parameter fwe wei my ies. 
However, in practice we tend to calculate only single confidence interval for 3 
‘given station. The confidence lvl dor not well ut the chance that 
erica confdence ntl eapeuret the population parame Ite, 
the confidence steal gies ws 2 sel of plausible values for the 


Be ware you undertnd the ba for our confidence. "Thete ae only two 
ponibiiies 

1. The intra rom 29079 to 20.79 contain the poption mean 
2. ‘The intenal fom 230.79 to 25.79 does not contain the population mean p. 

‘Our SRS was one uf the fw spe for which x ot win 10 point the 
teve Only about of samp eal confidence inva tha als 
expr. 

‘We cannat know whether out ample one ofthe 95% for which he intra 
-£ 10 catches jor whether one ofthe unlacy 5, The stalerent that we 
re-95 confident tht the unknown is between 230.79 and 251.79 ao 
and forming, “We pt these ner bys thd that escort al 95% 
the time 


hats the probability that our 9% confiénce interval captures the 
Parameter? Its mo 9°! Beloe we excite the command ean caahorn 
fo30-t)),mehaves 95s chance of geting sample mean ht iin 2, 
the tens which wold lea 3 eon ral hal ee One 
‘thine hone adom sample. the smple mean ¥ ihr x wih 2a, 
ip Atheros intel eh doeor doe ents. Afr 
‘econ sconce nena. te praia apie the pation 
ameter ther 1 te (it doe ry 


‘We interpret confidence levels and confidence intervals in much the same way 
whether we are estimating 2 population mean, proportion, or some other 
parameter 
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Do You Use Twitter? 
‘Interpreting a confidence interval and a confidence level 


‘or another sevice wo share updates about youself rt soe up- 
he aoa then” Of he mp, 198 id i Aeonng 
to Pew the resing 95. neal (0.367, 0213) 
‘TORE ete the codec tenant conker 
Suu 

Cbd teat Weare 95% cokdet that helena am. 167 18 
(0.213 ons tractus operon US. abt hous Tere 
“her so ler spies 

Conkle 98K ta os sample 259 US. ads the reting 
dence teal ed cptar te acta popaatonpropertoo US. as who we Ter or 
nore season 


Qaannaenn 


tervals ate atements about parameter. nthe previous example 

io, “We are 95% confident thatthe tera from 0.16710 
‘ample proportion of US. adults who use Tile” Why? 
Bec we i tal heap propio, f= 0.19 eal Liew 
inthe mean ee Ud be wren that "95% of he vakas ae 
between 230.79 and 250.9 whether we ae refering tothe emp or the pop 
Iation. All we ean sy, Based an Mi. Sch sample, we believe tha the popu 
latiosmeu somewhere between 230.79 and 250.79 


Confidence 
it woul be wo 


(CHECK YOUR UNDERSTANDING 
How mich does he cont of Dr X ht dary? Ta find, eee me 


rel cote terns tp of 10 Rend Xt de 
‘9 conbidence tral the popalton andar deviation o 2548055, 


Constructing a Confidence Interval 


Why ste fr 95% confidence when etimating an unknown parameter? The 
(Confidence Interval applet might shed some light on this question, 
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2 ACTIVITY The Confidence Interval applet 


{© MATEHALS: Compete with Internet conection and diay capably 


Critical value 


‘In this Activity, you will se the applet to explore the selationship between the 
confidence kxel andthe confidence itera 
1. Goto wwynfieeman compre and faunch the applet. Set he eanfidence 
[eel at 95 and click “Sarmple 50 

12 Change the confidence level to 97%. What happens to the length of the 
‘confidence interval? To the “escent hit? 

+4. Now change the confidence level o 0°, What happens tothe lng of the 
confidence inten? To the “Percent hit? 

4. Finally, change the confidence level to 80°. What happens tothe length of 
the confidence urls To the “Percent hit”? 


4 the Actty dnt, he pce we pay gear confidence ba wider 
neva. weve sed wah 0% cone, the our ke of patel 
ts the pater wl be och nae han we on 0%, 95%, o 
‘7 confidence Bat wel abo be moc ie cnr ou estima. aking 
thn exe, wal we wat ena wh conden the pop 
Sem pols a wa Tay con ee en 
the eal fom apts the ee pepsin propor 

ets ok 2 more Coch tthe etd we ed eter fo calvate 

spite 9 cote edo Mr Sch py mean, We 


‘timate + margm of er 


‘Our (point) estimate came from the sample static F = 240.79. What about the 
margin of ere? Since the sampling dttbuton of Fi Normal, about 98% of the 
‘ales of wl ie within to anda deviations (20, ofthe mystery mean j. See 
the fire below. Wi could rewrite us interval a 


woa25=T42-0, 


"This ead to the more general formals fra confidence inkeryal: 
statistic (critical yale) standard deviation of statistic) 


“he cial alae dpe oh he once ll Cand the spl 
distribution of the statistic. “~ 
= 
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where the stati we we isthe point estimator for the parameter 


‘The confidence interval forthe mystery mean of MM. Schie's population las 
trates seer important peopertis that are shared by ll confidence intervals in 
‘common we The wer chooses the confidence level, ad the margin of enor fl- 
lows fo thischoice. We woud ike high confdenee and loa small mango of 
‘ert Hh confidence sys that out mcthod slot always gies corec ansven, 
‘A small mann of ero sys that we have pinned down the paramter guile 


recs 
‘Our neal formula for confidence itera 


———F 


cane athe mang fo depron hres ale athe tana 
eset once eis tele Te Yaad Sena fh 
tea confience ure ie or 
San depend on te re ie ate sample oe pee ta, 
Ste mangle ge snare 
|© The confidence level decreases. ‘There is a trade-off 
fete te condeee eel de mang of 
- ees “sa om 
caine youran be ng wo scepter eee, Ete, 
a ‘retour that 99 confidence ta or Mr, Schl 


SERENE EES eymensnsw eta Thess cine 
‘ah a 2 a te heh Soe inkeral for gis 234.39 to 247.19. Figure 6.6 compares, 
FOUNERS SOL ate crtmcnitintr how eons 

Ue sowsnyy mn ier coacegrees © Thenompl wm noma. neg the sample ie m 
‘nena teint merge ore ay fad ends ee 


Using Confidence Intervals Wisely 


Section 83. Fast, we wil sty confidence internal fr  popalation proportion 
Pim Section 82. Although is pose ty etimate other parzmctrs, confidence 
{neal for means and proporsons are the moxt commen tol in every se 
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Before calculating confidence intenal for 4 orp there are tnce important 
‘conditions that yu should check. 
1. Random: ‘The dats should come from well designed random sample or 
randomized experiment Otherwise, there's no scope fr inference ta popula- 
tion (sampling) oF inference about cause and elec (experiment. we ea 
raw conclusions beyond the data t hand, then there's nat uch point eon 
Sructing3 confidence intel! Another important reason fr random slection 
‘oF random auignincat so introdce chance into the dala produetion proces. 
Trempeiensiniane  Weean model chance behavior with 3 probability dstibubon, like the sampling 
toning gett watt sation f Chaptcr 7 The probably distbution helps ealeulate a 
‘rimosioncirbain confidence intereal, 
1 Normal: ‘The methods we we to cansruct evnfidence intervals frp and p 
‘depend onthe fact that the sampling dstrbution of the satis orf) wat 


leat appronmatehy Normal 
For mea: The sampling distribution of Fi exatly Normal f the population 
<’stbation is Nonna When the popalation distribution is not Nora, the 


‘ental limi theorem ells that the sampling dstibuion of will be 
‘pprosimately Normal mis sicily are (atleast 30) 
Fer proportions: We can we the Normal approximation tothe say 
seni ebbing p> oan ge] 
“The procedures for eacultng confidence intervals ane 

Salina crow oe tegen Roden ping apt 

can help erwure independent observations Howeve, ot foray 
forthe standard deviation ofthe sping dstibuion acta i we are sapling 
‘with replacement fom population. That rarely the exe 1 weve sampling 
‘without placement fom fre population, we shold eck the 10% 


condition: n < -L. Sampling more than 10% of population can give ws a 


nore recent os ppultion pace ba woul eeu oun a 
fee foplson conection, Woe ch at ee 


size N (he 10% condition) to se out formula for the standard 
‘devation of the static 


As youl se in the neat two sections, real-world studies rarely met these co 
‘dtions ext. any ofthe conditions is clearly violated, however, ou should be 
‘ctant to proceed with inference. For the ret ofthis chapter, we wil limit 
‘cures to scthng Hat vole random sampling, We will discos inference for 
‘randomized experiments im Chapter 9. 
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Summary 
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prose a enna pus The hone sti spol en 
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pote etter prance 
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‘stnate £ margin of toe 
‘When calculating a confidence iteral, its commen to se the form 
statistic (rial vale) standard deviation of statistic) 


“+ “The confidence level C ithe miccest rate of the method that proaces the 
fnteral tf you mse 95 confidence inter often nthe lng in 95% 


‘of yout intemal wll conta the re ‘alae You dant ow. 
Ithether 399% confidence tntreal fom a particular st of data 
{cally captures the te parameter aloe 


“+ Other things being exp, the margin of errr of 2 confidence internal ges 
sallerse 


‘+ the confidence level C docresser 
= thesample sem increases 
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‘+ Before you calculates confidence internal for 3 population mean or 
proportion, be sre to check conditions: Random sampling or random 
23signment Normal ssmpling dstibuton, and Independent obserations 
[Remember thal the margin of ero fora confidence intel includes 
only chance Yaron, not other sources of ror ike nantespons ad 
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Estimating a Population 
Proportion 


In Section 81, we saw that a confidence inter can be used tn estimate an 
population parameter We are offen interested i estimating the propor 

‘ion pf sme outcome inthe population. Here are some exarplcs 

‘What proportion of US. adults re unemployed right no? 

“© What proportion of high school dents have cheated on test? 

‘© Wht proportion of pine resi 2 national pak ate infested with belles? 

“© What proportion of college students pray doth? 

{What proportion of company’s app haters a aslng asthe company claims? 

“Tis section shows you how fo corsroct and interpret a confidence intra fora 

population peopoon. The ellowang Acta ives you taste of wht les ahead 
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ACTIVITY The beads 


[MATEBIALS: Sever thowand saul plastic bens of 2 last two clos, themas or othar container, 
smal cup for simpig, several smal Bows 


Before cl, your teacher wil prepare a large population of diferent 
colored beads and pat them ita 3 container thal you eannol see i 
Side. Your goal isto estimate the actual proportion of beads in the 
populaton that havea paruculr color (are) 
1. Ata ela, discus how to mse the cup provided to eta simple 
random sample of beads fo the container ‘Think ths trough 
‘atefull,berawse you will tt take only one srnple 
2 Have one stn take an SRS of beads Separate the bead into 
‘vo groups: hone that ae ted and dhoe that ate’. Count the > 
er of beads im each soup. 
1. Deterune 3 pant eatimate forthe unknown population propo 
ion p of ted heads i the container 
4. Now forthe challenge each eam of three to four sadents wil be vets 
about 10 mitts to ind 3 8 confidence nteral forthe parameter p, Be sure 
to comider any conditions that ate reqited fot the metho you tne 
5. Compare els wi oer teams i the elas. Dieu ay problems you 
ow you dealt wath thers 


Conditions for Estimating p 


‘Whers Mr. Violin’ clad he bead Activity they got 107 re bead andl 144 
white beat. Their pont etimate forthe wnknnwn proportion p of el beads 
the population 


How can the sade inthe clas we this information to finda confidence inter 
val orp? 

As always, inference is Based on the sampling dstibution ofa statisti, We 
decribed the stnpling dtribation of sample proportion pin Section 7.2 Here 
tea brit renew fs sportant properties 
Shape: Ifthe sample size i ge ough that both np and n(1 — p) ate atleast 
10 (Narmal candi), the sapling dstsbution of pis approximately Normal 
(Center: The mean sp That, the sample proportion fis an unbiawed 
‘timate of the population proption 
Spread: The standard deviation of the sampling dstbation of is 


pap 


provided that he population st lest 10 times a lng asthe sample 
(10% condiion} 
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ar 


Figure 8 displays this sampling distibtion. 

In pectic, of coune, we dont now the valu ofp. If we di, we wouldnt 

ried o construct confidence inter fori! So we cannot check whether np and 

{1 — p) ate 10 or greater. tn large samples, willbe close top. Therefore, we 
replace p by pin checking the Normal conten, 
Lets see how the conditions play out for Mr. 
Vignoin’s clan 


|RURE 87 Select ge SAS om a popatn ft con 
[Bopron pl cess Te arg tron ol he propo 
fen of mecane ne saponin Neral. The 


ronnie per tenant eins = 


Netw 


The Beads 

Checking conditions 

St iin ay wan o comic 3 cone ena fhe 

‘of red beads in the contatn. Recall thatthe clas’ sample had 107 rl beads 
‘and 144 white beads. 


"TROMLEMChck ha theconatios or costing aconhence erator pare met 
“O\UTOW. Thareare tee coin the 

“+ Rann: This tak an SS of 251 ed om the cota 

1 Normal Tea Nomalapproematio rth sampling deri te eet pad 
{1 pitoest at 10 Scam doe aoe mech at 


P= 25 354)—107 mk x19) = 251(1— 3p) —204 4) 144 


‘atthe cumse sacs rd dsl dens ae bth at eas 10. 
1 dependent: Sct assed that pce. hey ed och he 10% 
conto a east 1251) = 2510 beads ede ithe peton Me Vg als 
‘thera 5000 ead te cota i cudnt 

Since al ecules emt she salefrsh asso contac conden 
inurl 


Notice that np and m(— ) should be whale rumber. You do relly need 
to caleulat these values since they are just he mnmber of naceses and aes 
In the sample In the previous example, we could address he Normal condition 
‘semply by saying, “The numbers of succeses (107) and flues (4) inthe sam 
ple are bot at east 10~ 
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‘CHECK YOUR UNDERSTANDING 
Ie each ofthe fellowing stingy, check whether he condos fr cleulating» conf 
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Critical value 2* 


fecesaeral forthe population ror pane met 
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2. Aqui coed npc as a adoe spl of 25 bay f potato chip ro the 
‘Bowmands fey Elle a howe OF bap ected, 3 ha ton ch ol 


Constructing a Confidence 
Interval for p 


‘We can use the general forma from Section 8. o constuet «confidence inter 
‘al for an unknown population proportion p: 
statistic (nical vale) standard deviation of tis) 


“Thenmple open ses reer Whee ld, 
alittle decd dat of cm tn 


o~ (tk 
Since we don't know the valie of p, we replace it with the sample proportion fs 
(=o 
“This quantity called the andar emor (SE) of the sample propeton ft 


describes how clos the sample proportion f wl eon average, tothe population 
‘roportion pin epeated SRS of ten 


‘ule for Normal drut. We cat eta more accurate cic vate fom 
“Table Ars calculator Aa Fire 8 onthe nex! page shows, the central 98%. of 
the standard Normal dstibution is matked off by tw points, -* = 1.96 and 
= 196, We um the "to remind you that hiss erica value, nota standard 
fae score that has been called fromm data 

"Tofind alevel Confidence interval, we need to catch the central area Cunder 
the standard Normal cure Here's an empl that shows how to get the citieal 
value 2" fora diferent confidence level 
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he era statistic erica value standard deviation of statistic) 
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[Notice that we replace the standard deviation of with the fra frit stan 
ard error. The resulting itera sometimes called 2 one-sample = interval for 


| population proportion. 


———E—E=== 
(Chane a SRS of sien fen 2 at consi at unkown 
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pez (RD 


‘where = i the ential value for the standard Normal curve with area C 
between — =" and 

‘Use this intenal only when the number of successes and flrs in the 
sample ae both t least 10 ‘andthe population i atleast 10 ties 3 age as 
the ample 


[Now we can get the desired confidence interval for Mr. Vignal clans 


The Beads 
Calculating a confidence interval for p 
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Putting It All Together: 

The Four-Step Process 

ocereer perpen olare 
Sac and interpret a onidence weal 


a “appropriate mternce < 
‘Der Ifthe conditions are met, perform ealeultions. 
‘Conclude Interpret your internal he cont ofthe problem. 


Section 8.2. Estimating a Population Proportion 491 


“The next example hart the fourstep proces inaction 


Teens Say Sex Can Wait od 
Confidence interval for p 
“he Callup Youth Suney ated adm simple of 439 US. ter aged 
1 to 17 whether they thought young people should wait to have sex until 
marriage." Of the sample, 46 said “Yes” Constret and interpret 3 95% 


tonfidence inten fo he proportion fall teens who “ye 

faked tha quston. = 
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TECHNOLOGY CORNER Confidence interval fora 
Population proportion 


“The TES and 7199 com be eed fo conto confidence inter fr 
an onkzowe population popecion We'l demonic ning the previo 

‘Of tect smeyed, X— 246 sa they th that yon 
Prope soul wall tba sex nl afer mage. To coaructa confdense 
fru 


n199 
‘+ nthe Staisiestist Eater, 


pres (ET (7) and choone 
Sei-Frepaint 


‘When the pot seeen sppean, ener « = 240, 0 = 439, and cont 
dence level 0.95, 


‘Highlight “Calculate” and pres LITE The 95% confidence interalfr p 
Sprang waht pein jan ep ‘shown 


Choosing the Sample Size 


In planning 2 atc, we may want fo choose 2 sample size tht allows us oes 
mate a popultion proportion within 2 given margin of ecoe. Nabnal survey 
ounizations like the Callup Toll peal sample between 1000 and 1500 
American aduls, who are interviewed by telephone. Why do they choose such 
sample zee 

"The margin of eror (ME) in the confidence interval fo pit 


ME. 


Section 8.2. Estimating a Population Proportion 493 


Mere, = sth standard Nonna critical ylue forthe eel of confidence we 
stant Beeaine the margin of ener imave he sample proportion of stc- 
Snes, me ave to gues the later ye when choosing Here ae tro 
sop todothie 

1. bie age fr fbn on it dy oron pt epeence wth sia 

‘inks Yosh do soa cate thon eng oles oa 
motte 

2. Ue p= 0.5 the gu The mag of enor ME ast when f= 05,20 
i go comeratne esr af eget ay oer when we door 
‘th we wil gt magn of emer smaller than planned 

‘Once you hn efor the aml fr the mg feo can be oe to 
fre empl ew need. 


eke fs reset whether patina tore 
fess ram al leg ety al 


‘ere’ an example that sh yes how to determine the splot, 


Customer Satisfaction 

Determining sample size 

‘company has mtd shoot ts esos. The 
ese Bee eel sty ets ney psn nae cla 
the conta sexpert Wands ste en oe nes a 
sl be reqied ayer One eral question tthe die of ation wih 
the companys cinkmer ce messed on 4 Grp scale, The pride 
‘rn fo estinae the proportion prof casomen who ar said (ha, who 
‘home eerie oversee two highest velo the feo 
‘eal Se decide tht se wats he esate fo be within 3% (003 at 395% 
fidence level. How kage 3 ample ned? 


[PROBLEM Determine te sample sic needed eesti pin 0.03 with 95 combi. 


-SOLUPON Rectal efor S5Nconecr i? = 1.56. Siete compny reser wats 
arnt ererfno mera. med she hegre 
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(Sf osm1—05)<0 
10ensn1<0 


‘Somaru 1068 respedets teas ut he maria errs mae har 


For Praclce Try Exercne 43 


‘Why not round tothe nearest whee nuriber—in thi ease, 1067? Becaune & 
smaller sample size wil result 3 Lager marin of ero, pomsbly mone tha the 
ested forthe poll. W you want's 25% marin of err rather dan 9%, then 


aca 2 margin of ero, the sample size you need is 


96 » 
226) asy1 05 = 2001 


Au usa, smaller margins of eror eal fr larger samples. 

‘News reports eqn describe theres ureya with sample sic etwwen 
000 and 150 and mang of err of about 3%. These surveys generally te 
sampling procedires more complicated than 2 simple random sample, x0 the 
‘aleulation of confidence intra more svohed than what we have ide 
this ection. The calculations ofthe previous example stil give you a rough idea 
‘of haw such saves ate planed 


‘CHECK YOUR UNDERSTANDING 


Refer the pros cumple abt the compar’ camer sain cy 


1. i the company’ prorger suey, SE of cater rey il they wee “atic 
Fe yor ted” seg the yale toc rf Sed he plese needed ors 
meng erro oa 9K dene rel 


2. Whetifthe company president emands coidece ined? Determine he 
‘roul aest your reverie Queen 
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Summary 


Confidence nea ft poplin propartion prec nthe 
‘Splng btn fe ne properonf. When ne enough 
Sethe pant p} sea en 1 the sling ttn of ie 
primal Noo wih men p nd standad deviation Ypqt= 
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‘Spigot pace we check he HON sito he 
populist lea 10 tne ange he ple 
When comtcting a cnfidece na, th ll rap pe 
SAE: Wo pence wins ada ome 


PLAN: Identify the appropiate inference methad, Check condition 
DO: Ifthe conditions are met, perfor calewlation 
CONCLUDE: Interpret your itera in the context of the problem, 


“The sample se needed to obtain a confidence tera wth pproniate 
margin of error ME fora poplation proportion invaves hin, 


for n, where Bia guewed value forthe sample proportion, and = ithe 
critical yale forthe level of confidence you want. Hf you wie p= 05 inthis 
formula, the margin of ror of the interval will be es than of equal to ME, 
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Estimating a Population Mean 


Inference about population propertion umtlly anes when we study categorical 
sariables We leaned how to consract and interpret confidence inerals for an 
‘unknown parameter pin Section $2. To estate a population mean, we have ta 
record ales of quatictine variable fra sample of tnviduals make sense 
toby toestmate the mean amount of sleep that stadents lage high schoo got 
lastnight bat nt ther mean eye color fn this section, we'll eine confidence 
{intervals fora population mean 


When a Is Known: The One-Sample z 
Interval for a Population Mean 


[Mi Schie’s clas did the mystery mean Activity (page 468) and gota value of 
240.79 fom an SRS ofsize 16,2 show 


“Their tak wa to estimate the unknown population mea 

They knew that the population dsibation was Norland 
that ty standard deviation wat = 20, Their eile wa 
used et the sampling dtebution fF. Figure 8.10 bows this 
‘Normal smpling dnbuten once apa 

"To caleuate 3 95% confidence interval for p, we use out 
amie fora: 

Matic (rial value standard deviation of statistic) 
Te steal value, -* = 196, ells uw how many standardized 
tants we need to go otto atc the mide 95% of the sa 
pling tration. Our itera x 


2 2» 
122-2 = M0719 2407949) 
va vie 


3099,250.59) 


‘We call such ae inten 3 onesample 2 interal for # population mean, 
Whenever the conditions fr inference (Random, Normal, Independent are al- 
ised and the population standard deviation o's Lnown, we ean se this method 
to contract 3 confidence interval Sor 
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Trou otr ners 
omg sen ea 
‘retour 


rena nerd rence 
nga 


conrmence 


This method int very usfilin practice, however. mos real-world sting, 
ifwe dont Io the population mean, then we den now the population stan 
dnd deviation o either But we can we the one sample = interval for population 
‘mean to etimate the sample ize needed to achieve a specified margin of enor 
The proces minics what we di fora population proportion sn Section 82, 


Choosing the Sample Size 


Ais wer of sass never plans dal collection without plan 
tie. You can artange to have both hizh confidence 


the inference 
small mat 
1 ofthe cont. 


determine the sample ie for a desied margin of eror ME, substitute the value 
of for your desited confidence level Use a reasonable estimate for the popu 
tion standard deviation fom 3 nur sty that was done i the past fom 3 
smallsele pilot stud. Then set the expression fr ME less than or equ 1 the 
‘peciied margin of errand solve for Here 3 satay ofthis sate 


Tea cas pees koe has 
coir plot ty 


ind he ete va * fe stad Normal cue fr confidence 
c 


Se the een ft the magn of eet be han rel to SE 
andl solve for m= 3 


‘fogged dev of hetee 


| TROSLE Orang ees tne cms nd pei. 
{oe tennis of ens yaaa grees atsatary esti 
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“aking erento cons ine and ene The eid ample ie 
smaybe oper: Nee that th of wpe ht 
seep ett Vin iene eg in a 
= rs ray poche 
Tne 


| (CHECK YOUR UNDERSTANDING 
eve the aco fs brary ae «strand wit known ts weigh 10 a 
prey ‘fe mle mabey ne Namal eel eee a 
(toa ar thea bin) revo td the sandr Svton 
‘creak reads bs bev ob. grunt emer tbe 
eediogst sen of enor of O00 wth OF confidence? Sh our wk 


When a Is Unknown: 
The t Distributions 


earns 
opm 
it 


Rec tthe ping dino oT en a taal sion of, 
sachin Fig forte nes page Wha ete sap, ee, ed 
lth sping cient ce tate of Pt tat ein Chet 
6. sce fe cena oe the aso the i varie Ys fe 
ttn Et by pnt ing the mene. Ths eration coca fc 
the shape or pee th ditto. Ding byte conan on ep te 
fen te in dened desc al Lams in sage ince At 
‘homnin Figure £11(,: hth nnd Noma btn No, 1) These, 
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we can use Table Aor a clculator to find the related pebabiity inolhng =. Thats 
how we ave gotien the eal values fo ur confidence intra x fe. 


° ” 


FGURE 4.1% (a) Sanpleg date hone Noma cond mat) Stars 
aes of Yad fe uaate zich blows Be sanded Noma eon 


When we dnt now o, ne ett ng the sample tad deviation 
————— 


Asthe following Activity shows, thi new statisti does not havea standard Normal 
datbation 


+ 
+ ACTIVITY Calculator bingo 
Maras: Tato a8 ts pty 


‘When doing nkrsace about» population mean y, what happen when we we 
the mpl standard devin tema the popoltion anda devon? 
tn this ty, youl perfor smeations ot ou castor alps i 
‘gusto. To make thing ear, ell tt wih 3 Noma population Ia, 
them j= 10 and tad devin a 3. 

1. Use the calor (1) take a SRS fit 4 from the option: 2 
compat he ale oth simple mean Zand (3) standard the ale of & 
thing the Enon’ wala 5. Yor wl ne several commands one together 
tyson). 

‘TEAS randnorn{i00,5,4)-=tt1-var seats u1s0t-1004//ei) 

© Toget theranamen command, pes EOE atom in PRO aed chore 

2 Foren cei, pre RIM ane to CALC and chown 23-1 
Toget,prosQRES chames-seacisciceand 2-3. 


“Toa caeeat-eantoon atm) -tet asta ones 38603» 
(western arian) O/H 

4 Topet the cise candeora command, prea EEEISIED sh Ap, 
ERD Rbjephiniisdsemtomenen er ee 
* Foronevarable isi, pron EEE Fah Apps), re EEN (0) 
{o jump othe os and chon onevar-—- 

2 ot, prss ERNE VAR LINK aw down lo STAT WARS, and choose 
pe 


2 firing TEA pee pon wl ae 0 
[SRS Say" Blngy ay ine or get eve) that es than 
“Sergeter than 3 Wate down he alin o = ou pt each tet happens. 
1. Acco tothe 68-95-59 7 re, about how oe sould “Bing ocr? 
‘om nay Us i yop ali ol wat twee 3 a 3 ou 
100 vepetion a the ation? Comparer with you clas, 
++" Naw, et ice what happem when out sandarde the ake of ang he 
‘amp andar devon nea ofthe “tnown You wl have oc the 
‘cleat conan shown 
“THB: ranaicn(i8e.£,4)—Lts-var seats ti-100/| 64/8) 
Pres SNORTED (ENTRY) fo eal the prev command 

topo the cunor on he | the lt pat ofthe 


gga the poplin sana deviation) wih he sample standard 
deviation pes (choose © Siatisis and 3.83. 
‘TED: esetae rantnara(200,¢,4)--Histiuetetat cpever(Ltett} + 
(ceatvars\x bar-100)/atatvare\ex/(Ma}?) 
© Pros EET (ENTRY) to real the previous command. 

Use the arow keys to postion the cur nthe 1 in the last prt ofthe 
command. 
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‘To place the population standard deviation (5 withthe sample standard 
deviation press EAE (VAR LINK), arow downto STAT VARS and 


5 Keep prening ENTER to epat the oc in Step 4 ul 
Ino Se Sy “pay tn ono ndadoed at enh 
"Serer han We dow he lo yo eta meh 

Compares th your anaes How ea jou el ha the andar 
‘aly are tig in pS re ecm a standd Na eae? 


igure 12 shows the resus of taking SOO SRS of ize = 4a standardizing 


thera ofthe ple ean Fa, dei the Ay The as fm 
1 anid 2 follow standard Normal datrbtion, 25 The anda 
alu from Step 4 and 5, ung the stmple standard in place of 


the population standard deviation , shaw ach peatr spread, tn fc, few 


Soe 


took wah below 6 abe 6. Ths sai haya dtibution that new 1s, 
called dstnbution It has 3 difewnt spe than the sandal Normal eure 
‘il ynmetic witha gle peak a0, bt wth ruc ore zea inthe tals 


Saaseriene 


URE 12 Far seston shag ted a 
sesel fe sang mean ¥9 SOSA: Teste lows 
‘Sande Neral auton Repacg > wh 5 pele 2 
‘Setcmn mas gest vray fa ar blew be 
Smaslomsiane 


“The static has the sme interpretation 2x any standardized statisti: says 
how fr fom as mean yin standard deviation unis. There is 2 dierent 
dltsibution for exch samples: We pena particular dsribution by giving ts 
‘degrees of fredom (df, When we perform inference abot a population mej. 
‘oing a! dnbation, the approprst derses of freedom are fond by sabacting, 


Section 3 Estimating 2 Population Mean 505 


| om the sample size m, making f= — 
nT degrees of feed 25 fr shot. 


We will write the # distribution with 


has the fdistibution with degrees of freedom df =n — 1 Thistatisic will, 
have appenimately 2. dtibution a ong ax the sampling dsbution of 
Tis else lo Nonna, 


4.15 compares the erty carves ofthe standard Normal dtbton 
anther tbs with a 9 dre feed. The fea thee 
ict oat the ttn 


J 
fermen ae 
reer 

FQURE Dest uve reson 

wf rd agen fda ar scars ‘= 


ermal debtor NI a syrmene wih cari. 
‘The dts ae erent are ead 


* "The density cures ofthe tributions are sila in shape tothe Htandard 
NNonmnal exe. They are snmetric about 0, single-peaked, and bellshaped, 

* The spread of thet dstbutins ea bit rate than that of the tandard Nor: 
‘mal dtribation. The butions in Figure 8.15 have more probability in the 
ta and lear in the center than does the standard Norma, Thi ve because 

substuing the etna, fr the Fed parameter induce more vara 

into the tate. 

* As the degrees of feedom increase, the ¢ density curve approaches the stan- 
dard Normal curve ever more closely. This happens berause estimates ¢ more 
_ceuraely asthe sample size mereawes. So using, in place of causes litle extra 
‘arahon when the sample large 

“Table B in the hack of the book gives crcl values forthe ¢dsibuations 
Each row in the table contain critical vals forthe #dstabation whose derees 
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of frcedom appear 3 the let ofthe rox: For comenienee, sever of the more 
‘common confidence levels C (i percents) ae gen the botiom ofthe table. By 
Tooking down any coluran, you can check thatthe ¢rtcl value approach the 
‘Normal erica values” the depres of freedom increase 


EXAMPLE Banas 
Using Table B 
{ROREN. Sapyse yuan cost 95 cone eter tema feral 
(epltin nsed on a8 RSef sare = 12 Wa cna ae sol ose? 
SOUONetie mecomt heron comespedig od = t—1'= 11. Me mora tha 
otatheenzytat earctyabo 25 cnecrloeonthe tom tthe crt Te deed 
‘calle = 2201, 


For Practice hy Exerce 57 


In the previous comple, ntice thatthe comespnding,andan! Neral crea 
‘ale fe 9% confidence b=" = 1.96, We have ogo ut frthr than 196 standard 
Akvanors cape the conta 9° ofthe dnt wth 1 dere of evo 

‘Aswth he sanded Nornal tbl, technology often makes "Table B unnecessary 
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‘CHECK YOUR UNDERSTANDING 
"Table Ht End th eral al at you would wa fora confidence intel or 
mean jt cack fda Ellowig stations I pombe, check your anevet 


ecto 
(a) AOS confidence intra ed en =22 oberon: 
() A9@% confidence neal fom a SRS of 10 lneration, 
(e) AS5% canfdene itera fom ape of ie 7 


Constructing a Confidence Interval 
for ps 


in cmon neence maid egg ttn 9 
tas voghy a Normal dbution with mean and andar deviation of 
‘Because we dn sono, wets yep sana devin We 
then estimate the standard deviation of the sampling dstibution by J. Ths 
ale ile he taal eo of he sample mean Ft tind 


cme ens pd ip pls oad ean oda 
(fT by standard er ,/ini the ees 
‘opultin mean. Use ential vals fromthe stbtion wi 
Freedom in place ofthe = ential values. Thats, 


statistic + (critical valve) - (standard deviation of statistic) = ree 


‘This onesample f itera for 2 popalation mean is similar in oth ressoning 
and competstional detail fo the one-ample = snteral for 3 popolation propa 
‘of Section $2. So we wil ow pay mer altntion to questions about ting hse 
‘thon practice 


‘where is the estal value forthe f.. distribution, Use this interal only 
‘when (1) the population dsribation is Normal or the sample size is ange 
(@r> 30), and (2) the population is teat 10 times as lege asthe sample, 
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Wee sare 2 
(eh arnt mame, 
Pehla et 
Ieee paar 
setae Were 
‘evtten so te 
Penne a 
eomnara oso | 


As befor, we have to verify these important condtions before we estimate 3 
population mean. When we do inference in practice, veiying the conditions i 
‘hen a bit more complicated 


tonne sol check the 10% endo vey at he ample a 
‘moe an 1/10 of he peptone 


The following example shows you lam to construct 3 confidence interval fora 
population mean when ¢& unknsren By now, you should recognize the fouratep 
[rocen. Since you ave expected i clude these fou ipa whenever you perform 
Inference, we wil op scying low the furtep proce in exanples and ext 
‘ier We wl alli ou eof he oY example rom this pint forward. 


Video Screen Tension fe 
Constructing a confidence interval for js 
‘A malate of hoot ico nl mud contal he eo 
fhe me of wrest hs bb the aac othe wig enon 
Timer by an cca eve ith uit eg is (on 
forw re  aeet hepa pre Het rb 
top fom and spl 30ers en sige das potion 
Bos 270 298 IAS HS Od IS ITA ITS AWA 
BAT MOTT M00 MEE WAI 26 RN MOL THO OL 
Conc and net 17 confidence nel fr he ean eon ol 
the sereens produced on this day. r 
‘STATE Nn iho ote pc dy 
mi20teaiecte 

"7 actin hn ag aa tit 

Rado: Nate dtd spn 20 sh 
pitino penta 

Pee shetipctenfe= 20) etcetera 
‘svt ppneenstire Soe cr sagt ped shes 
{tg ye sha pany othe mae cap ar 
‘let tpi es nega apa tral apts 
‘monn te gp pene ora pee 
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howe annonnte 
ceewe eerarany 
oat aoe nha 
seta tated 
Vern oe eget 
oman con he pe 
Se ppaton aur 
‘ors bob pte 
‘np That 
“cr basemen pe 
Sun omy om 
econ raven teh 
Neva 


Thecus inet 
08.39) pet 18 
Yo pom ana pce 


* Idepenirt: Bec mae samp wht 
replcemet, west check h 10 contin mat 
ass at a east 100) = 200 eo terials were 
odced tis ay 

DO, Wessadow ltrs fate mead stad 
devin the en rendngs rth 20 screens the 
‘ample ~ 306.52 ads, = 3621 eset 
Gsrionnthat~ 1Btote tactic uiueFra90%—|_Contience vel 
‘nhl thecal i= 1.729.501 80 

‘onde tral is 


Fe p= soasess7a8"PZ -soest 400~ (2903230030) 


-OWELUDE. Meare SOR conn tha tetera om 292321 90.82 capa the 
‘rae mas mina et bitch fs ermal pode dy 


ft ne ies pit na 
settee teat apr a 
fess Racer uy co 
sokceumecreeme 
ase ra 
sere rufa cme ds eect 
femiig idcam a simone occu 
cet ae elie 
Petpet ner iota etre 
eerie arene a 
uSvaramecearese 


a 


Auto Pollution + 
‘A one-sample t interval for 

Environmentalist, gverument oficial, and vehicle manufacturer areal in 
terested in studing the ato exhaust emisons produced by motor vehicles 


Tiecrnms 
ogee i acs 


rede 
ao oh 


am 
= (tn 


DENCE 


“The major pollutants in auto exhaust fom gasoline engines are hydrocar- 
‘bons, carbon monde, and nitrogen axides (NOX). Researchers cllectod 
dats on the NO level (gramme) fora random sample of 40 lightluty 
engines ofthe same type. The mean NOX reading was 1.2675 and the stan- 
ard deviation was 0353 


ros 
(a) Contract adit 95% cotter the meat amo tN eed 
Sud epeset tp 
(efron tain gency PA ee slit 10 ni rN em 
‘recom hype as meat eo Olesen 
troiate spony meme 
souinon 
(a) STATE. Wena oes thetrae ment amour et NO eed ah diy 
ests pen S3t cmtdnee 
PLA estes mean itenall icons arm 
* mio edonkey 
eyes pe 
+ Nal ed aoe ppd aston Nem shoal Bebe 
‘tec 40 age tes 9) se a pes. 
* henderson wt reper, weed he OR colo. 
‘urnane tt hee tee YO) = ADD ey nie tye. 

00 Tera then sp ites 


torowcarnpning 239 dyes donna We 
a prtend eae are sample tae ately, 
‘ovetaethemareconanatr a= 30. 


‘Wiles goed amples stan wich wg chnogy 
tata lita moveameateres than ingaprinad |_Contience vel 
‘ae A 95% nde thecal 
2° 2042 Sete 958 contr etena ee 


te 5. = 126754 208003822 _ 1 2675-4 01076 =(1:1599.1375 
ee were u 
CONCLUDE: We 95 rl. 13751 pms ces 
{aren eaniad ubnprouas albus apetige aye 

0) ecole mgr ESET 
eetad een Oleg pbs step Sereno eens 
estas tpetenienines hte 
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Acwe noted eae, a confidence interal gies range of plausible values for an 
unknown parameter We can therefore we canfidenceinteral to delerine 
whether 2specsied value ofthe parameters reasonable, ike the EPA‘ 1.0 linut 
Inthe expe 


‘CHECK YOUR UNDERSTANDING 
Bolg ean he Belin of sin wound meme the rate at which new ell clone 
(cut tmae nde hin ofan tetbtaed non Hevea dat fm endo sample a 18 


‘newts measured nro (male of arte) pes hour 


BIHONBUSBHNYH UDI 
ernest cima the mean healing te wih 8% confine intel 
1, Define the parame finns 


2. What iafrence mathe wil use? Check tha he onion for unin hi proce 
era 

1, Comet 9% cones interval x Show you meth 

4 Inert yournkevalin conten 


Using t Procedures Wisely 


“healed conten eof mc epl neal for nest comet when 
Noel The none ha peda iprtte r epnth 

The mec eth cdr nto 
Sg thy ied yc of Neal Pred a el gh 
$c when scone ring than led ae cal 


econ ney eam te te aed eso il 
Scrat. hat we ne the precede to eke many 93% co 
‘center, sou 95 nent wold cape popes ean 
jl te proce at oben, he he chal epi ae might be very die: 
‘tem 

ion ar prc in th sample, te the pope may not be Nora 
“The proces eo ag cies eau ad a ea 
tooutlen 
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De youn re 
108, are arp 2 
0 Ayo pom att 
ete sare ere Pe 
ance a 


cam 


sly igh sun 294 mnie) NOX. Upon ats, his 
pre la agi erence 
‘She dats ct The Mah compte xp blow ges some meal 
‘Smits NOX enteral mp 

Descriptive Statics NOX 

erage meter ae Minin Gt tesian gh sin 
ee Ge com came sam sae Lien than 470 un 
‘he conidnce eral ed on hs sample of engines wuld be ing 
tim le 


rep $e =13085 2 20214201 — 5093401326 = 1797.1 
ve va eGo 


(Our new confidence intervals wider and is centred ats higher value than our 
ongial itera of 1.15999 1.3751, 


Focnuth, he proces ate gat bt gat non Nerai ote 
slit except wha oten ore hewn ae re ats aps 
Inpro the seca of ical eom def nits when he pop 
tom ena Nora Thi te fr enn 

1 "The ampli drt othe ample ean x fo age ape coe 
{ Roa tthe cea tery Raye el 
ton elite concer wen th ampere ge 

2. Aathesnple em pone snl sana deviation wil be an 
Sect etiat of whee ott he pp an 4 Neal ton 
‘Almay ake pt check fr skews a euths eie yo ethpo- 
cara ra ape erm pn, ocean hy ne 
proces when n> 15 len an oe or ngewe Exp 
Tica of nal ple the condo thatthe come froma 
Ahr warp randoms exprment re pera i We coh hv4 
ten thatthe population dination Nonna. Net ae prc 
‘ln for he Noval onion when psig inference sal 

5 popton ean 


peels “The f procedures can be used except inthe pres 
‘ence of eutlies rstrongskewnes. 

«Large sampler Te procedures canbe wed even for cea skewed dit. 
‘butions when the sample age, oughly > 30. 
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your sample dita would give 2 bias estimate for some reson, then you 
shoclda bother computing 2 tneval.Or if the data you have are the entire 
population of rates, then ther’s no need lo perform inference (because you 
‘would know the tae parameter al 


BRENIIRA People, Trees, and Flowers 
Can we use £2 
PEORLE} Determine wether ec say we son samp itanao estimate pp 
ean cachet ei segs 
(a) Fyre 15) sahitopamet he pcr tex stat ees areas 65 ars 
me. 
(0) Fr .150) ea stomp ttre pap 20 pices os 


FIGURE 815 Can wo ae cece edt?) Perc odors ged and 
‘te a Foca eq apt 2 pero Dogs 


(c) Fare 18a sstompt oe egts of 25 pce fered any herp 
ower es. 


‘souk 
(2) Ne. Weave dtc te extirpation te 0 states. so 
Vormlinerece nas osm Neca eet mer 
the ppt Theo cra du toharig ely asa et 
‘hepopaton ade wed fra conden intra. 

(0) Ne te datas sewed he with posse 
verso me cama trast the proces fort = 20 

(e) Yes theta army teed thin theron 
lore Rect astro fr oth ata 


As you probably gueied, your calculator will compute a onesample ines 
for popiltion mean rom sample dats or sammy atti, 


FIGURE 15 (9 Langheo 23 opi owes ot he ae 
ae 


Practoe ty Execve 73 
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TECHNOLOGY CORNER tintervals for j. on 
ie One-sample M 


(Confidence intervals for a popolaton mezn using ¢ proces can be con- 

structed onthe TESS4 an T39, thus voiding the use of Table B, Here 

2 brief summary ofthe lechniques when you have the actual data values and 

© when you have only merical summaries 

5 Using a data ‘Video seeen tension example, page 508 
Enter the 20 video secon tension reading dat in 11 st, 


“TES9: Pom inside the Statises/L.ist 
Er, 


oo # Pre BERES (073) to go into the 
0m the Tintenal sreen, adjust tena ns) mena, the choose 2+ 
your sein 2s shown and chome TI=S=Ev=! 


brdema, ‘Choose “Data” as the Data Input 
Method 
‘0m the T tntenal screen, aj 
your setting shown. 


2, Uvingammay ay Ato petion expe pag 50 

“Thistime, we have no data to enter nto lit Proceed tothe Tintenal xeon 
sx in Step I, but choose Stats asthe data input method. When you get othe 
“Tlotenal seven, enter the inputs shown and calculate the interval 
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‘The following Dats Exploration ais you to use what you have leamed about 
confidence intervals to analyze the fey of 3 company’s product 


1 DATA EXPLORATION I'm getting a headache! 


© Themakersof Aspro brand aspirin want be sure tha thei tablets contain the ight 
‘© amount of active ingpedent (sceyailic acid) So they inpect a rndom sample 
‘+ of 36 tablets fom a hatch of production. When the production procos is working, 
prope, Aspo tables ave an average of «— 320 liga of activ rare 
‘lent Here ae the amounts mg of active iggednt the 36 select table: 

319 328 521 54 522 320-4 NT 320 ADIT 

31 320 SE -GIS 6 HO 16 32H HBS 320 IO 319 

319 521 52E 319 6 HI0 4 HI HI TD 


What do thse data tell us boat the mean aceybaliyic acid content ofthe tb 
Jet in this batch? Use what you have learn in this chapter to prepare 3 one-page 
response to this question Be sure f ixelade appropriate graphical and mural 
evidence to support your answer 


Need Help? Give Us a Call! 


Refer se San pg 407 Theanine aio 
tober tbr ecko mene ply al fo eg 
Tnconng cal wan 30 scot We an ape tne quan no way yt 
tating ic ppton pal alls at wer swe wi 30 scr nn en: 
ith me op np nanan othe ts ve at 1 = 14353 sce 
Ihe 1126; ath ete 34 lls ie wee 3 eon. 


Eatinating pe 
STATE: We want to estimate the tic proportion poll alls tothe customer service 
‘center that were armored within 30 seconds at the 95% confidence level 

PLAN: If conditions ate met, we should consiruct a onesample = intel frp 

* Random: ‘The dats came from 3 random sample of 241 calls othe bank’ 
Customer eric cet 

{© Normal: Both 9 = 200 ae mf 1 are atleast 10. 

© Independent: Since we te sampling without replacement, thre must be at eas 
10241) = 2410 calls the eastomer service cener na gen moni, 


10: Our pit tia n= 222 
cope 


0850196 228020 _o75x087) 


CONCLUDE: We ae 95% confident thatthe infer from 0.785 to (877 capes 
the acta proportion of calla the hanks cusiomcr wie center that were ansmered 
‘les than 30 seconde 


=0830, The esling 95% confidence ntenal 
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Exiting 
STATE: This time, we wa to estimate the actual mean call response time at 
the 95% confidence level 

PLAN: If conditions are met, we should construct  onc-smpl intel fry. 
\We already checked the Random and Independent conditions above, 0 we need 
only to cheek the Normal condition 

"Normal: he population dition Normal? Craphical sammaries ofthe ell e- 
sponse ies ae shown below The hisgra (le) and baxplt ght) cles show 
thatthe datribution ofthe call response times is skewed ode igh However there 
ae na oatlies: We ean rely on the rolusinen ofthe 1 procedures forthe inerence 
‘garding the mean ell sponse me because the sample size (n = 241 is age. 


DO Ou pont estimate is Z = 18353 seconds. Using df= 100 and 1° = 1.984, 
four 95% confidence itera 


(16850, 


11.701, 
raasston 
vist 
Software and the‘ ealeulators ve the interval ra 16.801 to 19.45 poco 
voing f= 240 
CONCLUDE: We are 955 confident thatthe interval from 16.861 to 19.545 
secon contains the actual mean call espe ine, 
Swnary seme clear that ment customers wait ethan 30 seconde since the 
a for pi exiely above 0.5. The confidence inal fry i= 
the mean wat ime for cntomers who al is sbtanialylese 


Summary 


Confidence intervals for the mean p of a Normal population ac based 
‘on the sample mean ¥ ofan SRS. Becane ofthe central imi theorem, 
the este procedres ae approximately correct for other popution 
<atbution when the sample are. 


Fe 
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If we somehow Enow a, we use the = critical value and the standard Normal 
dsinbtion to help calculate confidence interval. The sample size needed 
toobtaina confidence interval with apprenimate margin of eror ME. fora 
population mean imohes hing 
SMe 

Wi 
for, whete the stindard deviation o isa reasonable ale from a 
revion or pilot stds, and =" isthe ential value for the level of 
‘confidence we want 
| practice, we wally dow’? know a ee ee 


the sampling dbo oF by He standard eros Jr ar ae thet 
tition with n~ 1 degree of fred (A), 


She mer of epee of ree nce 
‘lee confine tra fr the mean gen byte nese 
ven mp 
rae 

“he cteal alu a cheen oth the cue wh 1 1 dees 

teed ovata betwce = and 

“This tneence procedure b pyrene cre when the contin 

vem 

andar: "het we rod sng rand seine nda 
ome 

Nerul The ppultion dtm Normal othe sump ea 
tigre > 3 

+ igedots Indico oe adept Wan 
‘Spl wtout pace we heck he 1% condi he 
Poplin a lead 10 te ages fe ple 

ello thera pace Pi, Dn Coleen you ae 

fel ttc olla codeshare appt eh 

Aemeberneece x propre ie; rte fr et et. 

“The poco ae ele eu wee ppolton locos, 

tops fr hoger empl es Te roca naa ps 

tale bone 
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Exercises 
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ind por oth 9 eens? Se or 
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Ce tne Wt tic aloe Tbe B 
eae 
Foreiln men eck he oregon 
(01495 dene neal be n= 10 
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{47 A one inal fom om SRS £9 
ce 
Cec vee Wat ic ae Tbe 8 
‘ial red rsomees era be 


popultioe moat neh ofthe lowing has? yay 


(a) AOE confilenee itera lve on 


5 Blood prema A mtn sid id that Z = 114.9 
sta = 93 rr aed ope Led penne of 
the ZT vies of ae eet pomp Wt the 
‘tec eer the mee Inept i vlor 


(0) “Troe eb ck: A sey of ores 
the el Wate ot feats maple 
[2D eroplyed wen New Yer Se Th oem 
S123 mute andthe tal devon 
{.= ZLB mites What the tnd ceo 
a okt hr a 
(1 Wille i Yelloaiene Wits nme Bee 
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tater than Fond Bsigoe sting wow ee 


‘a Yelloone Naina Pk ped he 
Silene bed FSET ble cy 
Frtclagierctedlow he isertontecd we 
polaaper selene eT Es 
ache noms alo Be 
(oP the mp sede devon te 
revetment teh 
(6) Bap ety the gre eral ot co 
ps ey berber 
intoegm ete 

Bink When toil pth ik 
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inthe tne ec bt, Wht he 
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Sarath nny tte” ee 
Ihr han neni, Arp 
Pane Rites meee ies ben 
Swe meat Dar eae 
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(a) Pd the spl andar deviation fo thew 
‘eserenest Show yt wk 
(0) Kapa wy he ra 251 48 
pad meee 


init meg Compe i sme vein 
sda te ques led plore 
Gece thn fa cise or seg, ly 
copra depres (np Foro cic 
soy he spp wee 
Seeder le de 
eeepc Ha temps 
Panver tere reed 
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Comer nd interpret 495% comer intel ot 
‘be mem Bel iene or neice 
A Vitamin Ccament Several yeas ap, he US. 
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(2500 (a) 2185 


A gai conte npr il nena thea 
tent mallee a nd sample of gs of 
Ferwey tr sncpepdees eariein od 


(a) There i lear outer the dat 


Perrone 
Se rersete tear rea 
oe 
prec e 
oe 
eee, 
eee 

“ae 
So eee 
(ghetto ies 


1h ree X short Hee the probly 
ation eX 


Dee 0 12345 6 7 


Probably DDK ON 0186 008 009 OOS 005 77 


(a) What the probability that X= 7 ati your 
(Caled the men ofthe rand aribleX 
Indep th vl ete. 

{) Sopp that you ed 100 sandal seeded 
Yes 29 epee 
‘ond found at the mean ff tr pores 
4196 Weal his el ep ou? fy your 


a 
a 


“low snap na mracbons tne he ac 
‘Aatdy ofthe atracvenen of aderaed pice 
Seco bel bos lie pert fel sesh 
[255,50%, 75, o 100%) and whether he dcoot 
seated pricy (ain, Sr example" of) 
(Seara ang arin WOR ta TO a). Bb red 
(ie teat of Beale oneal o 107, 

(4) Dewees completely randomized dei ning 
200 student sujet. 

{) Faplin how you wold ame he parla of 
‘and bel to mig objet fo ete 
‘poupe Then we your nti et Sef} 
‘Ebjco for ne othe wet rei, Show your 
trek clear on your paper 


40 41807 65861 T5802 O7OS1 93625 18182 09547 
75 L255 1085 45148 722 51440 00360 02425 


{e) The feo shows the ean at fr the 
‘Soh eaten omed fr the wo ce Bad 
‘Seth ut wae scl dentin haw 
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[emer einer 
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8 Chapter Review 


Sst! nrc dema conto soot pop 
ton he ban of spe ata nd te pokiy 
foie how able te conchoe Aco 
thtce itera xine an worn pam 
“the priate: fn coerce ier ll 
statwaaldhappen wee tess the 
ir ial ey many en con ad 
reste expr tlhe percent of al po 
Spl tht ll yell an neal cag Be 
tno patter 
1 ced on the amdying lage 


population proportion was presented in Scrtion 82 
Estimating an unknown popalation mean y with a 
oneaampetntenal was the subject of Secton 83. 
‘method fr choosing 2 sample sie to get an este 
‘thin a specified margin of err was presented for 
bth proportions and means 

Before you use sy ofthe inference methods in this 
chapier, be sure to venfy whether each ofthe three 

onal, ad Independent 
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“Thee deg ely rie the 
Arpt en aed theo he che Ran 
{eninge se prowl ald fr eee 
chemin 
+ Gra ey eco re ramen tr 
Farce, a reper wearer 
BAL. Condition Macs sp hal the rela np 
‘See oi th sin pet ber 
des ad aps, dpi, Nema, 
‘a Rendon, We bet ete Mate cpg ey 
uteme 
+ Dearne crc ty eosarg acre an 
ga ery 
BR, 15 etn the piel ale 
ford eppen fers Spr erro wa 
(a) ating «poplin pepe pot 2 
odes ede soe Soe 
Cyr er 
SSeorlocd dom ar SaaS 
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+ pet scones teal crt 
+ Dearie sani tts toma carne hea 
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(6) Avorn th sia nouns 
{eto plat Eng mello “you bay one of 


pry theresn 99% pohly athe men ie 


time wll it between 40 ane 470 mimics Do 
feet 
() Ghyes satay comect fhe 
‘onder eel Hat ould be pablabed t= 
pone 
“+ Cary cate stop conscience ana ra 
Feoular popu dee e paren rea ces 
prom castes are ets are 
BAA. We love football Ascent Call Pl conse 
‘cep persons nth sandr repeals ape 
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hoe, 37% id tll he nee pet mach 


onteinin. 
{a) Define the paramcie p Biting Explain to 
someone who nme neater shy we an pa 


rat fa ds ay ht al 
Soa ethyl iowa on ei 

(0) Che spl ret» snd 
‘scr 

(6) Cominnt 59% conde ral rp 

(9) atop al tame 

+ Carat mgs consign 

‘tepanr re r epomnawee Saas 

pecans ratte 

AS, Sut ie Ach commer ad ie ow 

sar de ner chad Seg Rng bs 

hej ge un tn on SR oer 

Te a The nce 

‘th and et 80 

te) Doe ac pp tng, 

{Ren wy le Noma comb ad ae 


(0) Contr a AP enience intra Be meas 
sore fader tthe hon 
(a) sere your rel oe pat cf emt 
+ Diamine he sarge nite ot ew © 
orkdenca ira ra papatenperton wa weenied 
magnet ene 
RAE. Do you ge te church? The Gallop Pail plane 
to ako mt ape of we whther Hy ted 
i eligi ec heat 7 dee How lee ame 
‘soll be roped bo obiin » weg of ear of QT in 
7K ccc ined fer the popu partion 
Svha wold tht hey ater arm ems Sho 
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TERT, Ring se Fgh Area dig dle, tke 
Phone saves 2S ders aed, “Real He ten 
Fei as you deve though, how many cm were 
‘len you ented te ntti” Oe 850 
‘nl 11 ated hat at ent one it ad bene" 
(0) Combet rd inked» 97% ence ir 


6) Newopone = Preble for thie 
sme vonly 216% of elle at racked Ine 
fpopon were completed. Avather practical pro 
{eae at people may na ve tial anaes 
What the Ully deci he bide you 
{hink mono fone than 171 nf the 880 espn 
‘ea else et? Why? Ar toe er 
oft ced te gf ee? 


+ Cort enya cones real a popston 


+ Understand ata earl garage cf 
‘ae vant paertar 

RAN. Kangine parts Hise we measured (in live 

fen) of «still dane on an SRS of 16 of te more 

‘hen 200 gute engine emit pred none dey 
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(0) Comtrc nd ntert# 95% cree il 
‘el fr he prem eran a the ethene ea 


{hate sere rode. 
(0) Theme ce roped ete = 24 
taco ih ay om a re dting pode 
(Com yr ral Gm et fal eg 


‘he proce ecard? Epa. 


+ Dene he samp a ue oa Il 
crkece na arp mea ha wpactind 
mapectenet 

RS. Cond wend? A lah supply company sells piers of 

(Dean 6 4 cts gal 1 tc ne Sr Se 

peiment on socnee clase Pom caperence the 

‘teh of thee pce of wed flows « Neco date 

Irton with sanded deviation 3000 pound You wat to 

‘clits the ora bed ede fe ll pel hee eset 

‘tend tow 1000 pound wah O58 enfdene: Ho 

lege ssp mended? Stow your wo 

+ Uden hw te marge ol aoa ates tan 
‘hanger ih be splenic rd ll of cece C 


1RS.A0. Is about ME Explain haw each ofthe fling 
sold ait Se marin ef roof acomdence eral 
preter steams 

(@) Face the comfdenee lel 

(8) Quadnpline temple ce 
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Chapter 8 AP Statistics Practice Test 


Section I: Multiple Choice Sele he bet amnver foreach question. 


‘TAL The Cal il teins 100 people: OF tne. 

atk ey ey. Poe eee pct bbe To 

yelled a mani cee po ana ie eet 
Path dv OR verdes ods es or oi ore 

‘STedCtse 

(6) 99% ofall Gallop Po mepes he tie one me 

soem wn 25% of th te pda alae 

{6b ret fe reson wg een tbe 

fetwcen 1% and 21 

(6) 98% af the popaition jg becom 15% and 205 

tet 

(a) neem be confident hat th spe proton 

‘ptr yh ones nea 

(6) Callop ok many sample, 995 fhe would ee 

{ha IN ale peope he pl 

‘TAZ, The weigh mpm) a thr abit marae 

11215 195 The anda eer he mean of ne 

the wre 

(0) 190 (h) 2788. (0) 2273. a) 16OT. fe) HHA 

‘TAA. In prepa cont mesampe ier 

spopulen meen pene ne we a ae ft 

{ir don w Nota bh of he longo 

‘cannes wo we tb vetting fel 

‘tse nan SHS fuze ft plat? 

(a) Ate ofthe dat gh el chap 
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{e) Astemplt  e dathslnge ter 

(a) The mpl traded deviation a 

{6) The preety ae 
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pepe epeieereiy rahe ivecmnlar 


(think Se denking age sould over ta een. To 
Fed hi oat he pnt the lllowiny question i Inte 
‘Doyo dk tha he denny ag shoal be reed 


eran serie” He aus ater pe 
seh 3 ie apt dking allem. 
Split Ne nth 1 ep phe 


TOsmwered "ox" Which of Se 
jae Feely 
evel? 


The data are eam sample frm the population of 


Itt fared ff tt 1 
The pope ot 10S gw the 
sane 


(a) Fonly fe) only (e) thane 
(h) Mendy) Had ly 

TAT. AGI confidence inter forthe mean jo 
Iain oma vaien spe ar Ge 
he 2 3 Which of te fellows could be the 95% con 


‘forever data 
(a) 95 196 hy 942 fo) 929) 944 
(8 Wao ing he sample ie, ny he above 
\Srwvers could be the 99% conhdence eve 


TAA. Sappene we went + 90% smfdence ier for 
the evergy ecu spnt om hocks by fede thls 
Sint yar at sma ven, The teal have 
‘mac of or of 52. Heed lat ea ale, 
‘loro He standard devon fe and ap 
(il ch to $3, The miner of cert repel 
airs 

(a) 25. (b) 30. fe) ON fd) OD, fe) a 
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Sree 
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emp oar ce 


ein. 
(e) You The mung of enor includes urderonenge bt 
pei 
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pe sania 


(e) No. The mgm of cor only clades sampling 
ay 


‘TRIO, A Cems Barca rept on te income of Anes 
eames ha with I conbence the mechan come 
ST'US. howcbols ip» cent year war S570 wath 3 
tna fee of 25742. Thr mc at 

(a) 0% ofall ounce ad comes the snge 
Ssrp09 29742. 

(b) we ca he seth he mean income ral! ho 
hoe nthe country es the rrge $5705 = S742. 
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(ej 9 ofthe honcho i the ple inersened by 
‘he Cons Barns bd income inthe ange $57,005 
se 

() Soe Com Barer tthe eat $5705 + S742 
‘sing 4 mend that will over the te med ecm 
Sob fic tne when med wpa 

(ej SOE ell oil mpl ota sie would et 
(es saple mon that alls wihin S742 of $5705 


‘Section TI: Free Response Show all your werk Indicate clearly the method you we, because you wil be 
ded an the coectnen of you methods x wel at nt the accuracy aid eompletenes of our revuland 


explanation 
TTR, The US. Fest Service considering witinsl 
restictons on the umber of vhs alowed a ener 
{ellopstone National Par. To asem ple reaction, the 
server ka dom ample 190 ves ey vr 
open OF thee, Bay You" 

{a} Cans and interpret 976 combine intra 
‘he proportion ofall too Yellowstone who mer Ha 
retin 

{ad or ok pt em the US Ft 
Sever cance that more ta al font Yel 
‘ne National Pu vor te pope? pay your ate 


"TAZ, How many pple Hine in Soh Aan bn 
ok oad out we elected data or am SRS of 8 ot 
‘fe ne 7000 Seat Ae sears whe bk pao 
the Carmi! eurey poet The ten ramer of 
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Kenn 2596. 
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(7 Marie claim thal 95% confidence ine or the 
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Aner ng Then ge he oo eral 
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Significance Tests: The Basics 
‘Tests about a Population Proportion 
‘Tests about a Population Mean 


Chapter 9 Review 
Chapter 9 Review Exercises 
Chapter 9 AP Statisties Practice Test 


Testing a Claim 


Do You Have a Fever? 
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Confidence intenals are one of the two mt common types of atisiclinfer- 
fence. Use a confidence ineral when your goal ft estimate a population pars 
‘melee The second common typeof inference, called significance tx, a 2 
Aferent goal: to ases the evidence provided by data abou! some claim con- 
‘emg 2 population Here ts an Actiy that trates the reasoning of ati 
cal tet 


ACTIVITY I'm a great free-throw shooter! 
MATERIALS: Computer with Inter aces and projection capably 


‘Atoketal player claims to make 80% ofthe fee throw that he ales, We 
thinke might be exaggerating To test thiclaim, wel ak him to shoot same fee 
{rows-—vitaly—aig the Tex of Significance applet a the book’ Web sie. 
1. Goto whens count and launch the applet. 

SC rte Re ee eK 


~—= Fumes, 


5. The applet is st to take 25 shots. Click “Shoot How many ofthe 25 shots 
Aid the pliner make? Do you have enough data o decide whether the plyer's 
cain sald? 

4. Click“Shoot” again for 25 more shots. Keep doing this nti ether you are 
‘convinced hat he layer makes Jess than 8° of his shoo hat the players 
‘lim i tre. How large 2 sample of ste did you need o make your decison? 
5. Click “Show tre 3" lo reveal the tath. Wat yur conclusion correct? 

(6 tftime permits, chore ew shooter and repeat Step 3 through 5. fit 

exert ell ha the player i exaggerating when his actual proportion of fe 
‘hos maces cloner to 0.8 othe from 0.5? 


In Section 9.1, 

you'll learn about: 

‘Tsong of 
snes 

+ Satng pote 

‘+ ntrptng Fann 

+ Sutil agence 

Type and Type tenes 

+ Raming sai: The 
over of ati 


Section 9.1. Significance Tests: The Bates $29 


In the fee throw shooter Activity, the parameter of interest the proportion 
offre throws tha the player will make ihe shoots forever. Our player claims that 
80, Totes his claim, we le he applet sate 75 shot. Hf the player makes 
‘nly 10 of 25 fee toms a sample proprtonof p= 0.40), we have prety strong, 
‘evidence that he does actually shoot 80%. But what if he makes 19 of 25 (a 
‘ample proportion of ~ 0.76 This provides some evidence that his tre long 
term petcent may be les than 0°, but isnot nearly ax convincing asf = 040. 
Satticl tests weigh the evidence gina a cluim ie p — 08 
Section 9.1 foeuses on the undedyng loge of statistical es. Once te founda 
tion isd, we consider the implications of using these less to make decisions — 
about everthing from fcehiow shooting othe eflcctivenes ofa new drug, In 
Section 92, we presen! the details of performing et about a population propor 
tion. Section 9. shows ow to est acl about a population mean. Along the 
‘way, we cumine the connection between confidence snr and et, 


Significance Tests: 
The Basics 


teat 2 formal procedure for comparing observed data with 3 
‘ham a ealedsPputen) whe we wat omen Th ela Wk 
‘ment about a parameter, ike the population proportion p ot the population 
mean j. We expe the rests of significance fet terms ofa probability that 
‘meatines how wel he data and the claim agev. Now lt take ache look atthe 
linderhing loge of anes eh 


The Reasoning of 


Significance Tests 


Static tes deal with claims about population. Tes ak sample daa give 
‘gon evdence agua 3 claim Att mighty,“ we tok many random samples 
$d the claim were tr, we wou arly yt a ros ik this” To gota mumericad 
rmeanine of how song the smple vidence replace the vague ter “ately” by 
{probity Here a example of ths reasoning a werk 


‘I'ma Great Free-Throw Shooter! 
‘The logic of statistical tests 


‘Our vital basketball player inthe previous Activity claimed tobe 
a0 AUF freethrow shoot. Suppose that he shoots 50 free throws 
‘ad makes 32 of thom His sample proportion ef made shots is 


|= 064. What can we concleabont the players lime 
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ee aes 
See eet eee ene 
Soren marae ae 
ane ne eee ee ee 
peers 
ane 


FIGURE 8 Farum pet be ange pope jc be owe ade by an soca n 
ots 50. 


‘oracan sy haw tog the evidence agate plae’ lain ny page pob- 
‘My tatbe odd tke wees Te 50 fe een the ay eet 0 
“nth ng nin Bed onthe amelie ot timate hn peliy AH) = 
{1o0. Theaberved tai, = 0.04, bso uni the ctl paracter ale 
{2p O50 that tes comme ede that the player elaine re 


Be sure tht you undentand why this evidence i convincing, There ae two 
posible explanations ofthe ft that our vital player made only = 32/50 = 
(tof is ethos 
1 The players claim iscorect(p = 0.5), and by bad luck, aver unlikely 
cottcome occurred. 
2. The population peoprton is actully Jes than 0.8, so the sample result isnot 
an unlikely outcome 

| might be corect—the result of out random sample of 0 shots 
‘could be eto chance alone. But the probably that such 2 rest woul aceur 
by chance so small les than I im'z 10) that we ate quite confident tht 
Explanation 2 might. 
Sattical fess ume an elaborate vocabulary, but dhe base idea i simple: an 
outcome that would rly buppen iw claim were tr good evidence thatthe 
lai mat ue 


‘Seneca cov maw 
peleanennanon 
‘ha tar 
‘s-oswonaind bre 
pono for 
et erp see 
vrata 
<0 toy wosd wine 
atta > 2 
‘ospmase marae 
sin rng tee 
(tte mesa nt 
Po Dwar eee 
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Stating Hypotheses 


A significance tet sats with acarefal statement ofthe claims we want to com 
ppue. In oar fcethow shooter example, the vital player claims that is longa 
Proportion of made fce throws & p~ 0.80. This ithe clam we week evidence 

ull hypothesis, abbreviated Hs. Usually, the nll hypoth- 
{Sis es satement of “no diference For the free throw shooter, no diference 
from what be claimed gives Ha-p ~ 0.80. The claim we hope or suspect tbe tie 
instead ofthe nal iypthess called the altemative hypothesis. We abbreviate 
the allemative hypothesis 2 tn this ese, we believe the player might be ex 
gezting, 0 our llemative hypothesis Hp < 0.80. 


Inthe feve how shooter example, out hypotheses te 
Hep =080 
Hp <080 


where p isthe long-run proportion of made free throws. The alternative Hypothe- 
‘none bceaoue meat intrested only i whether the player verti, 
his freethrow shooting ability. Because H, express the effet that we hope to 
find evidence fr, sometimes ear to Beg by tabi, H, ane then at Hy 
nthe sateen tat the hoped-for effect ot resent. Here at exaple i 
‘hich the sltemative hspetheas twostded, 


‘Studying Job Satisfaction 

Stating hypotheses 

Docs the job stistion of atembiine worker dir when thet work 
= ‘rather than self-paced? One chose 16 subjects at random 

From compans wih one 200 woken who lective. Hal of 

shee ne aid tno ach wo gap Bah ep i 

[ar ascmbh werk but one group wa allowed pace theme 

fea perl hpete pry ipseyrepeest rel 

‘tone tok eof ob stsacton Then thy itched work scp a tok 

{he tot aai afer twomore weeks (This experiment ses matched as desi, 

‘which you learned about Chapter 4 The sponse variable the diference 

{Stich cores, sel paced mats machine paced 


Ws common on 


Sener ennpee enters oe 
spaces eaten ceeieremes ae 
‘Resa pres neem re pms 
= 

eit ssa 
iia etait, 
eed el 


(CHECK YOUR UNDERSTANDING 
For cach of the felling et, a) rib the parameter of inte ad (b) ae 
geet bytes Se sng ak 

1. According othe Web site Jocslernton com, BV af er ate tinge than 
Cf hour ele ame Janne wenden wc fs rel ls ber le high 
‘Sheol Se naan SRS cf 10 ect atte hol hw ah sleep ty pt on pel 
‘oft Inall Sf the roped ide than Soars 

2. Ae pt of 210 cones keting compa, the US. Cone Buca meted 
10 quetions,10 mimes Mas all f=” On the secs or el, we ead, “The 
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he 


forthe merare chet, hi fore wil 
oT 


dng the tne fo reviewing the ai 
Srovers”We sept tha the stalin tke compe ern maybe 
ian neta 


Interpreting P-Values 


Te idea of ating a all Iypothess that we want ta find evidence apna seem 
‘odd at ist 1 may help to Gaink of crinnal rl. The defendant t “innocent 
ttl proven guy That the nol ypothess i nocence andthe prosecution 
tout try to provide convincing evidence agains this hypothesis. Thats exacly 
how statistical est wor, although in statis we deal with evidence provided by 
data and we a probably to ay how strong the evidence ik 

The null hypothe # stats the claim that weave secking evidence agua 
The probability that measures the strength ofthe evidence agains mall hyp 
esis alld a Pale 


DEFINTION: Pale 
‘Te probably compton assring Hin, Pat he stats such as cr ¥) woud 
‘ake alse as exons as or mero xem han he ore actualy crv is calod 

‘he Pelua tte ts Te sar he Pali, the stenger tho ovdonoe apa! Hy 
rowdy he cata 


Small Peaks are evetce apa Hs because they 3 that he observed elt 
Is unlikely to oceur when He te. Lange Pale fal to pve convincing ev 
‘dence agai F Becatne they ay thatthe oberved ret key to ect by 
chance wher Hes tru. WET show you how to calculate Pas ltr, For no 
Tee ocano nterpeting therm 


Tim a Great Free-Throw Shooter! 
Interpreting a P-value 


“The Paalue the of ating sample el eat xe a the 
Shane recemmeir mace 
‘Spl els ht cout at leat ete” at fone with 0.64, Ince 
‘wort, the P-value isthe conditional probability Pip < 0.64 | p = 0.80). Earlier, 
‘tenn simalstion oem th ivan 340) = 0075. Sif 
the, ade plyer mates 80% fin fe tows inthe long ther To than, 
3 T 100 chance Hat the payer would mae fe 2 32050, The stall 
fprobabiin, ges song endence aatut Hy and it favor ofthe aleve 


Hip <030 


“The altemative hypothesis cts the direction that counts a evidence against Ho. 
tn the previour exzmple, only values of that are much les than (8 count ae 
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EXAMPLE 


evidence agai the mull hypothesis because the alternative is onesided on the 
Tow side. Ifthe aleratne s osided, both directions count. 


‘Studying Job Satisfaction 
Interpreting a P-value 
For the job satisfaction study described on page $31, the hypotheses are 


here ps the mean diference i ob sisaction scores lf paced — machine- 
ace in he popalston of cri woke af the company Data fon the 
Ts workers gave Y= 17 and, = 60. That, hese worker ated the sl paced 
cron, on average, 1 pots higher 

"roe Rasa peta signers egal dita ceda Fae 
#02302 

(a) plana meas te emit oe rhein. 

(0) eae te Pca 

(c Done dtp covcin dee apt eal pets ple 

sown 

(eesti jae tt tem sari eres ed — 
ace pd rt orton asm nmr he coma We, 
‘hehe det leo tet ene rt ht ae 

(0) RePeaues te oan tetera sampler renee rent te 
‘ected yy ane nn aye Bee Berto hth 
istmsed te Pee ep ting ato a aro O her dts 
‘hese = 17 wen sre Tac av wre re 17 moe ps ees 
‘hemor einer wap 23 eet yaad pe 18 
‘sceneries ohne pastor nate =O 

(Anson tt wd scent yan ry random alot 
‘Breas whan atomic oc Shy 


“hecho cf pict dy a at Th i kd 
srotinctaenaie ft oe tltithnd aon ctie steatcea 
Seip elacecktrapuertnemrcshae todas ovo 

Fetes per enet er err ora vy 


Statistical Significance 


“Te inal step in performing 2 significance fst ito draw a conch abo the 
‘competing claims you were testing, We will make ane of to decisions based on 
the stength ofthe evidence against the mull hypthess and in vr ofthe allr- 
ative hypothesis) —eject Hor fil to reject He. If our sample result foo 
tunlitely to have happened by chance ausming Hs i tue, then wel reject Hi 
(Otherwise, we will al to rect He 
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"This wording may seem anal int, bul is consent with wht happens in 
criminal al Once the jury has weighed the evidence again the mal ypoth- 
‘sof innocence, they rtura one of tro vedic: “gully” (reject Hs) of “not 
‘gly (il to reject Ha). A not quily verdict docs guarante tha the defendant 
‘innocent just ha here’ nol enough evidence of gull Likewise fllt-sojecl 
‘Hy deen tna sigfcance tet does mean that H sre. For that 

son you tld ne “ane He age pig tha You 


{a rthell, or conchsion in 2 igiicance test come down to 


Pale small ~ reject My ~ conto H(t contest) 

Pal age — fl reject My ero once (icone) 
“There nore for how sala Pal we should quite oder oe Hy — 
sta mater of adgmnt and depends on the pes ecules, Bit we ean 
‘compare the Peale witha fae wale that we tear deen, called the i 
cane ev We rita th Grek aera che 0.05, 
sserequrng lage cadence af Hb tong tha wou 
ica han 5 ofthe ime fat by chace when steve came 08, 
‘re ate isting om songs evidence again the nl hypoth, 2 result thal 
(rl ceut le olen than 1 every 100 ics i the feng a i ys ue 
‘When our Pale es han the che a, wey hat the rel statically 
ssgmfcat, 


"Sipuificant” i the start see dee not neces man “impor 
tat" It means simply “ot likely to happen jst by chance” The sgn- 
cance level @ makes “not itch” more exact Significance at level 0.01 

‘Sofien expresed by the statement, “The results were significant (P < 001) 
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"% 


fre Ptands forthe Pale The aca Pale i more informative than state 
‘ment of sigufcance beeause it allows ws lo aes siguicance at any level we 
‘choose. For example, a esl with P 003i significant at the « — 0.05 evel but 
isnot sigpfiant at the a — 001 level. When we use a fined significance level to 
daw a conclusion ina statistical test, 


Pralue < a — reject Hy — conclude H. (in contest) 
Pealue > a — fal to eject Fs ~ cannot conclude H(i context) 


Better Batteries 
foggabes 
-Acompany hs. anew delawe ANA hte tats supposed to as longer 
thie pr ANA ay Here, oe nv tae espe 
Tepe would lik to be eonvined that they really do Ls 
lon ef mpres hcp nn tt par AAA ok 
toe 0 em oar ‘company selec an 
SRS of 1 ew bts tc cal nl ey ply 
rane. A siguticance test performed way the hypotheses 
Hhsp= 30houn 
Hp > 30houn 


were pis the tre mean tne ofthe new deline AAA haters, The resulting, 
Pralae 0.0276. 


“TOELEM one wend yu mer exo te og gee ath ar 
@)a=009 pj a=001 

souuon. 

(0) Sic the Pate, 0.0276 ens tha = 0.05 he samp ea ttt eget 
‘th Sle Heine scr ede oj Hy adconce ta theo dle MA 
tees as ener thar hows org 

(B) Sethe Pa, 0.0276 le gese ac. ~ 00%, te sample re not stately 
Sigler the Tet Wed tha np eee toc An ts case Threw 
amet ch thatthe de AAA aes st ene than Ours og, 


Qnmre=: 


Im practic, the most commonly usd signiticance level is «= 0.05. "This is 
mainly due to Sir Ronald A. Faber famous tatitician who worked on ai 
cultural experiments in England during the ety twentieth century. Fisher was 
the ft to mggest deliberately ting random assignment in an experiment. 1 
«3 pape published in 1926, Fisher wrote that ts convenient to dra the line a 
about the level at which we can sy- “Either there something in the teal- 
‘ment, ofa coincidence as occured sch 2x doesnot oectr more than once 
tvenfy tak The following Activity may shed some light on Fishers choice 
of 0.5, 
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> ACTIVITY Pick a card! 


‘MATERIALS: Deck of paying cars (provided by your teacher and cookies or some other pie forthe 


ur each wil ofr you the chance compel rewa Alo t o 
owgsthcht The acer wl utes deckecone sl ante ewig 
‘orl or Bac) nyse whe wane ae chang ay chan nt 
‘Se wont ang fr deck he ca a ewig er at 
Sin nna pie The conn cand willbe repaed in theca thecal 
seh aa ei Can pi al 
fave ben andl oral need sts 


Somes ty be eeblechome 9 = 0010 = 010 feo we 

Trusted apnea Een ee ciel cade eed 

cost ‘ Serle 

before the dats are “Ohhetoe decry wer oats 

Pea els ec ed to ato 

fence int pei megaman 
siramralaLopetinniabs caine 


‘Why choose a significance level at all? ‘The puurpane of aigticace ta to 
{veal sateen the eg of evidence pve by edt apn the 
fel iypethes The Poe dc hi Bat how alls Pes ecg 
ence galt the ml byathos Ts depend nailer cette 
* Hw pla 1.71, represen an asanption ha! he people you mst 
Smt ans ce fr gee pel Pei) oe oda 
‘operate hem 

4 What re he omen of reectingH? eet in veo ean 
tmabingsneapemive thane ofsome kd. you ned ong evden a the 
‘hing il fe Benfica, 

“Those rr ae ab bjt. Dee! pope wll ton dere veh of 
tigafcance. ining the Palue allows cai wn decide individual I the 
‘tlece ficient doy 

‘sen of dati have ferns anda sgifcance lv rach 
10%, 3%, and 13 For campl, coms ve tended accept 23 stad 
lsintoton cs Tas eps ret tie when ile of ere val- 
tsar tan techoloy donee aii pace. The 3 velo = 05 
ipa cmon probaly i oA Fer 

‘Theres praca diction tween the Paes 0.019 ad 051. However, 
ifwe te am = 0.05 gpfcance lee the ome aie wil lead oot Hy 
te he iter ae wl ead toe ft He ® 


Segjnning ser of attic tes generally find it air to compare a Pale 
_asgicance lee than to nerret the Pale corely- context For thal reas, 
‘ee mil ncode tang 3 wapueance Keel 2s are part f even spear 
{est We'll abe ak you to explan what Paine means inary of stings, 
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[FIGURE 82 The wo yen feo in gtcace at 


ep 


ato 


Type I and Type II Errors 


When we deae a conclusion fom sgnicance te, we hope our conclusion will 
Ibe correct But sometimes wil be wrong, There arto pes of mustakes we ean 
‘make We ean reject the all hypothesis when is actually tue, known 363 Type 
Tenor, or we can fal ty reject 3 be mall hypethess, which ia Type Herat. 


— The powsibilities are warmed up in Figure 9.2. If Hy is 
rte mom cance core re iy 
tito JERS ina Type femora we reject Hy. IF H, i tru, our conchy- 
Nn wether Type en On ene 

Deter orto pomible ata time. 


is importa tobe abe to describe "ype 1 and Type H 
Sates [Peter] comm cnet ptm, Cong ti oa 


nce each othe pes or was pot, 
isiowtngermple shor = 


Perfect Potatoes 
‘Type I and Type I errors 
_Apetatochip producer nds mtn supple agree tha each shipment plates 
setaeet cm gy oie he poder econ bake 
ute potas ih pment he he trk wil be ent aay 
to gt and plate on th apie Own, he ee la 
be ted o make peso chi To make the deson 3 supe wl npc 
"rand mpl of pote fm th spent The produce il then prom 
Ssimfcance eng te pene 

Hep = 008 

“p> 008 
hee p ithe seis proportion of ptates wth Blemish in 3 ge ted 


[FRUBLEM.Desrbeaipelanda pel eer tisseting and epithe cnsequnes ach, 
“SOLITON Aypelemermnddeca he dcr once ht he opr rates 
mise ezurha 008 whe ata popertnis 006 eres} Cnn 
‘epee chp prance snd heretic tapes pots aay. hich ye 
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Which is more serio a Type I eor or a Type I erm? That depends on the 
_suation. Forth potatochip producer, 2 Type Il eror could result n upc 
tomers, leading te deeweased sce A Type I enor, tring avay shipment ever 
though les than 8 ofthe potatoes have blemishes, may no have muuch impact 
if addtional shipments of patatoes can be obtained fil eas 


‘CHECK YOUR UNDERSTANDING 
Reker theater Rater” expe om page 536 


Tiyotgae suntan ve 
ae 8 amo 
Fac 8c Toe 
tte sme 


1. Deseo Type leer as ein 
2. Dewenbe Type Heri hs etn 
3, Which npeal ears serous is oe? fs our anes 


Error Probabilities We can ase the performance ofa igificance et by lok 
Ing atthe probabilities fhe teo pes of eto. Tha’ because statisti inference 
's baed om asking, “What would happen if aid this many times?” We eannot 


think about our chances of making each ofthese mses, 


Perfect Potatoes 
‘Type I error probability 
othe tc of potatos the prow cape, we Wee eg 
Mop=008 
p> 00s 
the sctst pstocs with Mere, Suppo atthe 
dys Leif sap of 
ing 25 aicnce lvl a = 008), Type tetra eet 
ater ee ‘sample veils in a vale of f that i much 
fel 


Ho ge would noe tobe? The 5 sg 
vt a a cl penton Ft 

‘Sanceil nte'm hence hat, te 

Amman Hip = 0.08 re, he sampling dba of wil have 

‘Shape: Appenimaely Normal because $00(0.05) = 40 and 5040.92) = 40 are 

‘ott ea 10, 

Center: jy =p = 0.08 


oon EP 


Figure 93 on the nest page shows the Normal curve that apprximtes this sam 
pling dtnbation. 
“The shaded area inthe right al of Figure 935%. Values of tothe ight of the 
green line a f — 0.0999 wll case um to eject Hy eventhough 1 is tr, This 
tel happen in 5 of ail pose samples. That i the probably of making 2 
“Type Leo 0.05. 
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ping Sorbent] 
ihc =a ire 


Tiavesdcaoe nro 
ean na Tp oe 


FIGURE 82 The pobably Tipe ert we) probably fcr Hp = 
(08 ee Fa aay 


“he pray of Tpe teeth praying Hye it 
toe be pve agi owed ik nenet apace tea 


i 
hen He bed wos Cotar eons 
feelers on 


‘What about Type leon A significance et makes Type ere when it fils 
to reject al hypothe tht realy fe. There ate may value ofthe paar 
‘ter that sty the alteative hypothesis, so we concentate on ene value A high 
probability of Type temo foe» paticalrallernatve means thatthe ts nt 
Sensitive enough i usualy detect that altematve. nthe sguiicance lest sting, 
{itis moce common to ceport the probability that atest doer reject Hy when an 
alternative trae. This probability called the pomer ofthe est agin that spe- 
‘ic alleative. The higher this probably, the more serstive the et 


As theflloving example larates, Type err and power ate closely linked 
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Perfect Potatoes 
‘Type I error and power 


sampling dstibution ofp, one when p = 0118 andthe other when p = 11. 
eter Stebel a em oe rtd nh Oe sd 


pba ohne “pe othe 


Shaded are = oul 


Thats he pnerl stot dete “011 weal OF terrors he 
potat-chip precer has oughly + 340-4 chance of rejecting 3 toad with 


gu banana 
hve he tr Ty tare 


lied es te tans pe oe 


etapa me 


‘IGURE 6 Th power eet hadd wa) 6 obsby tha cone oc 
ewan ne rah 
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PERE, bei 
rama es a at et 
wc Med Sr ep a 
Sage hp pt pe ag 
Si cy te eon 
sme acc 
Fite Spe determi cg 
ic mg st ne ec of se 
aan 
Se cere emg eece 
i ec ee ght 5 
menharaeatan cnasipeetc ea 
Scie ane 
Salberiratet pear ele 
ioe ge ew mn se 
rh cy aneian teresa 
ev sernetieenes 
nee eh si 
sein tag icra 
sem mannan ei, 
ie en 


eee 


Calculating "ype it errr probably ot power by hand pombe but ples 
ats beter fo et technology do the work for you. 


Planning Studies: The Power of a 
Statistical Test 


How large sample should we take when we plant carry outa significance tes? 
“Tae anowcr depends on what alteratie ales of the parameter ate portant 10 
detect. For istance, the potatochip produces wants to have 2 good chance of 
_jecing Hp = (108i fv of Hp > 0.08 the true proportion of blemished 
polaoes in shipments p = 0.11 In the Last example, we found thatthe power 

1 wing random sample of size n= 5iNland a sgn 
‘ance evel f= 105 is about 07. 
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Here are the quesons we as snswer to decid how many obsenations we need: 
1. Signifinee lvl. How much protection do we want agaist a Type I ero 
sting a sigiicant result fom our sample when Hy i atually tru? By wing, 
{9 = 005, the potatochip praducerhasa 5 chance (a = 005) of making a 
‘Type lene 
2 Practical importnce How lage 2 derence between the hypothesized 
ptamter yal and the actual parameter valet portant in practice? The 
‘hip proace els hat ts portant to detect shipment with 11% Blemished 
pastoes—a difcrece af 3 fon the hypothesized value ofp = 0.08, 
3, Pover How confident do we want tobe that our study will detect difference 
cole ze we thik s important? 

Lets illustate peal answers lo these quesions using an example 


Developing Stronger Bones 
Planning a study 
‘Cans sienoth care progam nets the tal body be miner conten 
{THBMIC young women” eam of weatchem planning lo examine 
{his peti. The reece would eo peony st | 

top=0 

Hopso 
wheres the tre can erent change TBM de the exer poga 
“Todt bom may abc hy ould ine lth sty eset 
ty awe the Be ques above 
1. Sigwicance ive The searches decide tht a = 0.5 ges enh proc- 
thn spn dedarog fa ie eee roger cole 
when eal doer (Type feo). 
2 Praca! iprance Ae nceae fn TBBMC of 1% woud be cori 
rd pera 
4. Per The rscrchen wal prob ent 09 hl a et athe chown 
sticance eve wl ej the al ype Hap = O when he ah j= 1 


"he fllowing Acti gnes you a chance tp imetigat the sample ize needed 
toachiovea power of 19m the bone mineral content tidy 


* ACTIVITY Investigating power 
© NATEMALS: Compete with niet encod pny capty 


5 Ta this Activity, you will use the Fover applet tthe boots Web sie to determine 
the sample size need forthe exerese sadly ofthe previous exmple. Based 09 
the resus of 3 previous stay, searcher are willing io asume that @ = 2 for 
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the percent change in TBBMC over the sit-onth peviod. We'l start by secing 
whether or not 25 subject are enough. 


1, eth aH p= 0th > n= 28,0 2,0 = 005 a ae 
tatspe Wt tpt A ond iets 

ingle 

2 Chang the crc oe 0.0, Wh el do hi ae on 

poner tet de p= 1 Why 

She rennet ey wil i acho 
he tee guceceloeltck a = 00% Now cee 
thecal ae 80 Wha hap ie pe? hy 

4. ep cenit ple ze i he pve at et 90, Wha mi 
than opus e 

5. Wend he mmc nd ut orp mpl i dtc 
ince 94 THINGS AVE cena oe te pti 
6. Seruarn vind ou ne ned abot wp lcm th over 

— 


ofthe Acti ewan important link between Type fad 
cer poles Ste Pp era) =a, ecg th guar le 
nce the fo mango Typefecoe Arthe apple tow chang a 
Alecrenes the power ofthe tet detect yo 1. Since P(Type I eo 
ppoer, lower powet means greater chance of making 2-Type ter. So 
Secresing the Type eoe probity cress the Type It errr probability 
{5 By the same le nereing the Hak e+ Type emo rss 3 lower 
chance of Type temo 

Step of he Acti makes clear thats dferences ree lager sat 
ples toceach 90° power Here ia sommary faeces on Hw large ample 
fotoced™ 

+ you inst on aller sigiicance level ich a 1% rater than 5), yo 
hue take a lager mpl A smaller sgsiconce lel requires sioner 
evidence ect the mal ipods. 


Foran née ke 
Inept t ae 
‘ne be We ea 
Poe Sar | 
comer uae ade 
eum 
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* tfyou insist on higher power (much 2: 99% rather than 90%), you wll eed 
larger sample. Higher power ges abeticr chance of detecting a diference when 
italy there 

‘At any significance evel and desied power, detecting a small difference 
regures a lrger sample than detecting age diference 

(Our bes advice for maniizing the power of testis to choose ashigh ana level 
(Typel enor prolly as you are willing to sk ands large 3 sample size 3 yo 


Summary 


+ gst es ne pa 
Se ee iy 
Ie elp ae er claret 
Pea al alee ee Diep ah 
shaman praia 

Saige a espn ett 
Ippon a Sop ou sce ey ney od 
orice iceman eg eee 
Enreiey amnnnee eoacemte 
«rea atresia eclere c har 
Somer, 
Suaaern 
 Setreke ag pitta hairs 
ent re roieperean res 
Racers been een te 
aga eee amie ces 

» Teerasetios: ae cats ak begin 
perro i reopen 
Sieicemaeenrensosa 
4 Rhpsttesmntetaga gntotu gisrn tear 
soe eee ra emanate 
ages pyc pete 
pais 

eee ae mre 
Pain fees Mees ae 
me aancfeaas acon 
erga eg rel 

4 Fees pa amectacy ehcp creme 
sear teed eres teres 
esse eee 
Seether baler eran 
So i en ana eaten 
repels Weer aon 
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Exercises 


In Eerie tach atti el or 
1a Sethe a ptr ae crm 
Ich bbe pl tre eee ee per 
pester 
I Lahr: reser mew i et 
1aal ada onthe Uae Se oe eared 
won 2 of these ot ng abe 
cla uel. Sima chee SRS 
{100 sens and eck whether ec en 


abt oleae 
2 Dot ange A Gallup Fol pet on atonal 
survey af O28 teenagts ved thal 72% of teen 


Tyan oer poi et es 

Teun enn bc eal a al 

Rec meceiectam ert 

‘in ple ade oh 

3. Aides The Srey of Sy ain tad 

©. BSH) prelate at meanne 

dt ot td ll ny abi. 
Sere ciel ea emai casei 
iretporernniett rgyaera 
tuple des an tor aan 
tote She peste SSA won SRS 48 
tf icver 1000 duden at ber elles who ane ot 
ica Dyer ope 


4. Anemia Hemel spncin ine death 
tr ng el 
Telit gh) creme ple as 

iil jor it ordi den oe 
kel wm He meanness ache ge ok 
5S chlden 


5, Cold cabin? During the wink mt, Be em 
ets tt Celebi ome by the Storm 


Fey ca ty yell below fein 32°F or OC) gaye 


enka ine Te reve the pps bem resin, 
Mis Starnes setthe thera of The mat 
fate cla tale hero alles vari 
home tempera fo =3°F. Nx Same 

tha the mente verti how wel 
Thermal wa 


(6 Ski jump When i jmpen tke of Be dtance 
they Hy tates comderbhdependne om tr peck, 
SE, and wind contons Event eran ast 
ents Ing ees belie laren 
The tenet eee fy Far peter 


“eepettion the oraz enima tha dhe vr 
‘de Bown by te aie wilco = IO meter 
Acapenenced wer snk tha the ope te 
soda the ara 

{Bsc Te 10, expla wha wrong ith the sated 

ypthnes Then gv cet hype. 


1 Ape ecto ta 

aerate 

stn touch i now, 37% tee 

Toate 

kee 
mish 


ih eight In pling sn of he 

cago cae Sms Sera dee 

Tiitiiieey. creer thc hypsiomr an 
HF = 100 pm 
14.4 < 100 gm 


10h ng png tnd ofthe 
fare tetra then Hay 
ae eee eee! 
a 
p< 0p 
No= 9 pone 


1 Latin Reto Escie - Stno' SRS, 16 he 


Digest Delt Ei 2. Ft Yost 
carrey, Do stadens he ample si hey trot 

fre ere with ere Arpcnce tel 

Poser 050, 

(=) Inert thi el cotta 

(b) Do the deta prone comincing evidence agit 
(be sll pect plan 


15: Alias tthe sd fle sade aides 
fen Esco 3, the spleen SSH ee ar 
1257 andthe ple anand deviation wos 29 
Asigianee tt ee «Pre of 010 
(a) Inept the Peale fn content 
(hWnd yon mae f= 10571 


and the smple andar devon wa 

Naieianee et elds Pose of 016 

(a) Interpret the Peal i conte 

(b) What concen woud ou mabe = 0.57 

0 yy amr 

1 eth what ®meana? When ake expla re 
meaning of the Pas Exree 13a dent 
‘yy Ths meat thee oly probably OT Hat 
the rl hypothe re” Facey why the 
Saute 


‘planation reco Why or wy 
17 Sie sigieanen pain ny plan nee 
sty oneltnes ta ba rogue TE 
Ise malas be eae te el a 
tet leant ot he el hat on 

weet pidemeest he Hele 
1%, Palen nd tii Wot 
tenes op wat he Phin Exar 
so Til yn shot satel enc cach 
ke tn sti 


te and 3 ni at lei 
ee ee ee 
eee ert ary 
Concer ceepees et 
bs tee aed centres os 
Sores 
acces tecommcpecie norman: 
ever eiepreneery 

aaaichaee 

io dala boc orang pt 
a ere pepe 
pester eereere 
Sa ip ine sraerebeiy 
{ euiamnareperene 
1 Alain 

© Steingiom iesseometet 

fo pecmentremern aerial 


R 
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(&) Dewibea Type Iermrand Type Men hit 

Seed ele ee eae ee 

(e) Wich core seas inhi sci 2 Type 

‘croc ara Te I er? fh your anew 

Antal accident 

(=) State pete fra signee et deer 

ste ce fine open te ang within 

‘Sumac a the eal ere fen Be eta deine 

Sepomie tite 

(&) Denies Type Teor anda Type Hero thie 

‘stony and capa the commune of xc, 

(e) Which cmon seria inhi sein a Type 

‘er or Type I eer fy your ane 

(a) yo stan «eshte nary dt 

Svehile arcade yon wal rece tke 

treatment quickly at ple Which he no 
eH p= 67 ver © 7 or 

{come om pa) fis excrete would you be 

‘more eee fly yo owe 


Opening tarant Yous thinking ba ope 
ings tsuet ad re semching forsee 
{Fem roach ou Tae de, oun at 
Scranton wa tht 
sete nr 00 ape 
‘Seyi et ree 

‘mpl dar sa nee 
eee ree 
‘Tarn, you wl decide whether opens 
ieee toe 

(a) Siac ppc land alert hyphen, 
Repay Caves poaeeiet aa 
(b) Dest ype Land Type em ad 
Spline commons ah 

{0 yt nd con one fhe “Aad” 
‘Spee rc yar icone a weld 


ouch = 1, 5, 008 fai ou 
i 

———— en 
pone errors, Berry 

rire The dts amare etna Mod 


Fevers ce per bar random ceed tie 
Boch oor pre. Then elena the 
‘xan ye lopment spe 
(Srocenremeats Bavedon te mpl rel he 
{dei dmc whether thew ar 
‘dene tha edo acta een ie 
forse rent 1390, eomed 
athe perm sek media tention 

(a) State appropriate lel artnet 
fis rctin, Besar to deine your paneer 
(8) Dewees Type Landa Tpe I er aed 
‘cplantie omveguncrsofeath. 
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(Gh Te el precede cab el b> 
ecco ets pol at he ce an mere 
tthe there Which ene 

‘rv you chow ema, adi? 


ha eran 
Torerfac oboe toe er toaee 
plaka cid letvas elo 
heck paces remot 


Myp= 040 


Mep< 010 
You ea tthe pone of it a the 
bance evel asd ie lama p= O08 wR 
(4) Kaplan ning ages hat power = 647 
snes e, 
(heron gh pe pd eo 
Sterne whe we by hare mr 
Ol rrenremers you make: Shy make tne 
‘nenorenrd ever ner poe Esplo 
(0) iyo dee one 9 = 01 ple f= 
1s, th ther hangs nthe te, Be ome 
Ineo roa? aly our awe. 
(3) you hi yor nee he beat p= 
{7 wt water canes, lt porer tee 
eerie 

is power? You manfred i pd 
ete Sam cn ec tte 
plans mah cent b oe 
ht aac to oct be prt ce 
petit he th of ny ec 
weil hone a 


ths 
Howes 


hte emit 5.1, he Kg i 
se lr needed Ys ee at he poe 
pot tt he Sgn evel egal he 
teat = 3.1 08, 

(a) Hpi i pe merge what "pver= 8" 
oi recy 

(0) So told ct higher power ppt rem 
slstnin tice by cog ee 
eae ata call yor ae 
feeneces er verbo roe? 


(e) Myo decide te = 010 in place f= 
(105, a nw er ches inthe tet wl the power 
scree deren Fost our ame 

(2) Hye sh yor itr othe aerate 
52, wa no other chang wl he poe nce 
dre fly your awe, 


Maltpe che Select the bet answer for Eseries 27 
0 


(e) Haspm 16H pS 
(h)tep = 165 He pct 
(ow 18 Hp 
(Othen= Mewes 
(othr = IK <18 

2 tee aay ot ars te 
ted pra Penoc of The cone conan 

(0) ace at te 0 = 095 epicure lee 

(ect Hy th = 005 stele 

(omc fa = 001 ene ee 

(a) a eee yt the = 005 oan ee 

(ere Hato = O05 penne le 

Vier cree bp pope ero 

Neen) Madre 

cad uel Spon ta 
bere fo eC oa 
ft aemi Ace tase hy oh & 

Spueet howne a eel cpt 

(6) 2 he ny np 

Sipemaidie 

(0) eden ye ad ge 

Teagan ioald 

(6) ehh yl ec gens 

Sh apes od ed 


2 


(e) thesia of theme doe ee any fet on 
(he sytem ofthe et 
FR Aichi ae fetat 


he gate eel Sec dengan 
(havea poeeref O80 ate pre aliratine 


sole es pris ofa The pal, 


Ce ee 
parol alent ale othe parm a ch 
De cecpuil ere 

(=) O01. 010. (O99 (2am, «Om 


34, Women in math (3.3) OF he 16701 eres in 
‘mathematic pen by US cles nd roemitin 
ina event yar, TE wer acer depres 21% 
‘tee mater degrees and the rt were deco 
Morse women earned 49 ofthe backer 
depres 12% ofc mater degrees and 27 of he 
‘ctor 


|) Hw many ofthe mathematics dees gen in 
thu yer wer eared by women ath your we 
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{Hy chore ofthe 16701 mathematics 
beget at don, what he priya ot 
Jest othe? dees war are bys worn? 
‘Show your nork 


“= Falainingeiece 2) Hoc an plan 

from 2 newsppersmcemanone of pion pl 

Esplin bac bt clear nal wa hexane 
er pal of 1,0 ada, the variation due ow 
lng erm me than one in 
{aherway. The ome margin ad eel ot he 
15 poet sonfdence lve. Thi meta fhe 
seme goto wee peated 20 ply, the rot 


{b) Arte cents" carey oma and at aE ny ld ath eens 
germs ec magnet pay, Poti oe ey 
yoann Baru 


Tests about a Population 
Proportion 


In Section 9.2, 

you'll learn about: conte nena and sgficance tts ae bed othe sampling db 
‘Cag out a tons of tattice That both se pry wo ay what would happen f we 
Sontemce stapled he nerace method many Bnes. Section 91 present the eon of 
a Tieoneample rte igance te, ling he bes of Peale tn his section, we fas o he 
at ‘Sah of extng canst» population propor 

5 ews ts 

paves Carrying Out a Significance Test 
Ine remem Sat 0, ti il ple ocd ke BR foe 


face throws. We thought tht be might be exapperatng nan SRS of 50 sho, the 
player made only 52 His sample proportion of made free hows was therefore 


= 064 


% 
“This results mich lower than what he claimed. Does it provide convincing et 
dence againt the player claim? To find out, we need to perfor a significance 
testot 


Hy 
Hep <0st 

shore p = the actual proportion of fice thrws thatthe shonter makes in the 

Tong ran. 


=o80 
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Conditions In Chaptcr 8, we introduced three conditions that should be met 
before we consincts confidence interval or an unknown popiltion proportion: 
Random, Normal, and Independent These sume thre conditions mist be ver- 
fed before caring out wigicance te. The Normal condtion for proportions 
routes that both np and n 1 — p) be atleast 10. Since we auurne Hy inte when 
pevforming a sgpieance test, we use the parameter value specie by the mull 
hypothesis sometimes called ,) when checking the Normal condition. tn ths 
‘ate, the Normal condition sy thatthe expected numberof siceemes np, ad 
flues (1 — py) ate both at east 10. 


Tim a Great Free-Throw Shooter! 


+ Hani Wen on hse 50 sos a simple anion amp tom the pope al 
peste ototetha thew trae 
+ Nera Asaming sre p= 0.80 The p= (20080) = 40 anda — = 
{$H0.20)= YOarebethat east 10,50 the Nereulontion sme, 
"dpi The icone tech st determine bythe comptes aber 

| enero senda terations we indepndert Were et samp hv repo 
Troma nt ppatie (mete apie cau acting) swe dor sce che the 
cation 


a. 


ue ll hypothe Hs p= 0.80 tra, then the players sample proportion 
‘of made free toys in an SRS of 50 shot would vary accord an appro 
ely Normal sampling datibution with mean 


(ete) 4p = P= O80 and standard deviation 


Figure 95 diplays the sampling distribution. We have 
axed the players sample rest, j= 22 = 06. 
Calculations: Test Statistic and P-Value A significance 
‘est umes sme dat fo measie the strength of evidence 
aginst FL, Here are some principles that apply to mest tests 
Tie a a a mE ©The cme adie eae rt mile 
data with the vane of the parameter sad by the ll 
pe Iypothews 
FAGURE 5 Teesanpingdettuion the papas * Vkues of the attic a from the ml parameter value 
‘meds shoe random somes See frome byan tthe duction specified by the allerative hyptbests 
seca age evidence agaist Hs 


foxes 


10506, 
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‘+ To zaesshow far the statistic fom the parameter, standardize the sais, 
“Vis standardized vale felled the tet statistics 


festa = Sadar deviation of tainie 


“The et statisti 9 how a the sample esl seo the nl parameter yal, 
and in what dzection, ona standardized scale. You ean use the test sais 1 ind 
the Pale ofthe ts, the fllowing example shows, 


Tm a Great Free-Throw Shooter! 
Computing the test statistic 

EOE SS ot80 ewe et perma 
(a) Cateaate the test statistic 

(0) adantnarpt ie P 

sora 


(2) Me samp paper t made sos? = 064. pry arte hpi ve 
Wi p=000 staan wget 


[AGURE 25 The shaded ea shows fe Poa fre Hays sane poparion of maesa 
(ante sanprg setae dt Fe 25a one snd Noma cane. 


prrcrrrstesertes 


Earle, we used simulation to estimate the Paalue a 0.0075, As the expe 
sham the Pale eves smaller, 0.0023. Either way, it's very unlikely fran BOE 
fcethrow shooter to make 32 ot fewer shots in an SRS of 50 attests This result 
confirms our earlier decison to tejct Hand to conclude thal the player i 
exaggerating 


The One-Sample z Test 
for a Proportion 


-Arsouave pat guewed, el tl the ani four proce when 
‘sera problem aarp sigan tt ” 


“Do. tf the conditions ate mt, perform calculations, 

* Compute the ts eatin. 

+ Find the Peale. 

(Cone ferret the rea of our et he conte the problem. 


When the condition: aw met—Random, Normal, and Independent—the 
sampling dtbution of approximately Normal eth 
(en 


For confidence interas, we substitute for pt the standard deviation formato 
tain the standard exoe. When perfming a sgpficance tet, however, the ml 
Inpothesis species aval frp, which we wll call. We assume that this values 
comet when perorming our calculations Wwe standardize the statistic by sub- 
treting is mean and ding by its sandand deviation, we gt the test sais 
= 
‘Satan devon of seine 


ee 


mean py =p and standard deviton 0 


totatatiti | 


The? Suto cm 
xr cal ts 
Spear 
aun mca 
atone eenancone 
asaya soa 
eunpesvercoste 
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"This = statistic has approximately the standard Normal distibution wher Hy is 
tue. Pralues therefore come from the standard Normal dbution, Here is @ 
‘summary of the details for 3 one-sample = est fr a proportion. 


‘Use this tet only when the expected mumbes of siecese and flares py 
and ml — fate both atleast 10 ad the population i at leat 10 times 
lange a the sample. 


lo than 10 times 


{the Normal condition not said o if the popultion 
mn example ofthe 


aslange asthe ample, other procedures shoul be ued. Here 
test ato 


‘One Potato, Two Potato i 
Performing a significance test about p 
The cf Seco 9.1 ha rece telat of pay 
tot i Ral af pei dace it wn a 
the pts tthe spent have lise the ack wl be st get 
‘Soha oad fm the sper A spervin set random spl of 300 pa 
ices rm he track. An pectin trea tha 7 of he ott ave Hemet 

Jo sigicanc level. Wat ould the 


were ithe scan poperiet pans nah epmen wis Hemshs, 
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"PLA Meandtons rec, esha soe sample tes forthe opie opin 

1 and he sapere 2c rion spl of 00 pate whe Spee, 

+ Normal Assuming = 0.08 sta peced mbes of emis an wished 

oatoes are p= 300(0.08) = 40 anit —p) = 200(092) = 460, spc, acne 
eho tas las ea ast 10, meshed deg Nowa 

edi 

pene Secon wae sapling wit replaces, 

smsendte check the 10Tconatin seems resol toasame 

‘hat here ana east 10700) = 3000 potatoe the 

eal 

(0 Tesampe proprin of ens porte = 471500 = 

084 


est staiotie ea ge a5 


Fl Figure 3.7 ps the Pc as ar aren nde he 

‘Sada Nomal cre for sone ed test Using eho 

FIOURE 87 The Potty oneced rma 19, 100) th desired Pee 1.15) = 
108748 =0.1251 

ONCAUDE Since or Fe, 0.1251, rer thn the chosen signet ot 

= 0.10,me taj Taree ee ven conde tat he sips 

nti more than BT Meme otters Te prdacer wiles trad fps to 


ae potate cips 
e For Practice Ty Exerele 41 


The preceding example reminds ux why siguicance tos are important. The 
sample proportion of bled potatoes was = 47/500 = (004. This result gave 
‘vince apa in vor of To se whether sich an outcome could ace 
justhy chance when str, we had to cary outasignficance test. The Paalue 
{old cs thats ample proportion this lage of larger would acu i about 12.55 
ofall random samples of 500 potatoes when H, ite. That, we ean ule out 
“impling variably ay» plasuble explanation for geting ample propenton 
Tea this much greater than 0.08. 


‘What happens when the data don’t support H.? Suppone the supervisor had 
THINK vested ann spe 500 pte othe siren and 3 ah 
Tidmches Ths ys tpl peperion ofp 19500 0, Sochatple 
ABOUT dict ge ean Hal parse ane Iypthe fp > Ot 
TE Toop denced wcontne wih he acer heel ear we 
Shi al eject He p= 008 as ucla plate wl be sed ye 
Paship pobre 
yee we ping tation, you nih cd up cayngat et ace 
hl oud lepfek Tar cmopecingto st 


bp. _ 0016 —a0s 


[et—p)  foasom 
300 
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‘Whats the Praluc? I the probability of getting a = ta. 
ftic this lege or larger in the direction specified by H., 
15), Figure 98 shows this Paalue as an area 
under the standard Normal cure. Using Table A or 
ormalede(—1.15,100}, the Pralue is 1 — 01251 — 
(5749. Thete about an 875% chance of geting asumple 
proportion 3 age aso larger than — 01060 if p = 0.08, 
‘Aca result we would fil to reject He. Same conclusion, 
‘but with lot of unnecesary work 
2 


‘Always check to sce whether the data give evidence 
again Hin the drcction speefied by H, before you do 
‘eulsbom 


‘CHECK YOUR UNDERSTANDING 
Neen te Nel Camp et Te an pane Pa, 20% 


‘sf com oe 1 19 ay Ut ey have elena seo posed exlyspetive 
nu ris Thence sicher ee i 
ight be Weer at her sche To Bd xt, ‘an aenyinons vey ta 


‘pe of 2 fe ws 20 tae "ALIS rap, ad 6} ado ending 
gsr tage Cary nl 2 te athe = 008 sigfiane ewe 


Whe cotclouon dhl he mmc 


Your calculator wil handle the “Do” pat ofthe fourstep proces 2 the fallen 
Ing Techtology Comet Mustrates, However, be stew ead the AP xa Tip on 
the next page 


TECHNOLOGY CORNER One-proportion ztest on the 
calculator 


“The THSV94 and E89 can be usc to tst x cai about a population prox 
potton. Well demonstrate using the previous example. tn a random sample 
fsize m = 500, the superyisr found X = 47 potatoes with blemishes. To 
perform 3 igmcance et 


ns» 

Fres{HI then coe TESTS inthe Static or, 

scares ro CEIED and chome 
Tiree 

+ nthe Lrg renee the vals own: = 0.08, = 47, and 

fo 90 Spec ese Nesta 

Deotine emt nis aber ef a Bal ate le bend 


CSteulate Orau 
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Two-Sided Tests 


Both the fce-thow shooter and blemashed-ptato camplesinoled onesie 
tess, Letsook ats hatin that requestor test, 


Nonsmokers 

A two-sided test 
According othe Cents for Disease Conta Prevention (CDC) Web ne, 
50% of hgh choo stindens have eer smoked 4 patel Taye wot 
whether ths tabonl ret hls tem hs are, ban igh schol. Fors AP 
Sates las projet. Tryon ane an SRS of 150 ten fo ha choo 
Hots sponse ll 150 send, and 90 sy tha cy have ner nok 
‘lest, What should Taeyon conchae” One spre eden fo spo 


our snwer 

| STATE Wena taprrma specs in te peteses 
Mep=050 
p00 


ere = acta proper of stds aye schol hs ou sy hey hae ne 
‘Sched cies Beane spleens sated wells = O08, 


PU Memon ar meta des mesa ast eh poplin pepertong. 
1 Rnd anon sane aSRS of 150 stakes emis scel 


Ys mht ne aoe yh toch pies cn se 
lee of a= 010, but we opted or a= 095 fa enamoken example Recall 
fom Seton 9.1 Type tener) a. The ptaochip producer wend ahr 
tmake a Type | errsecng avy a spree ht ees ually star 
than 21) coring # tucked al oo many bleniel ptaon 10 
ime chips Agente kellie err meat suman making Type 
“ord igher pwede pete alma ale of he parameter For 
‘Taeyonsnonsmoke stay, ete ype oer scr ey ea We terre 
ted RA Furs del acne vel a 008, 


Does the way we define “success” matter? tn the lst example, we viewed 2 
‘nonamoker a 3 “micees” and a smoker at 3 “fre” Suppose we revered the 
tro. Then the new parameter of interest wool! be p = the proportion of slents 
at Tacjeon school who have smoked cigarettes. 10 stots ad they had never 
‘smoked a cigaetie, then 60 stents mst have sid they had smoked before. Let's 
"ep he canes et th ths ew deri fase : 

“The national comparion value for the proportion of cigarete smokers 
0.50, because SOT wha smoke means 50% who dou't. Our hypotheses are 
therstore 


Hop=050 


‘where p = the actual proportion of students in Taeyeo's school who would say 
they have smoked 2 Gparetie. We don? need to check the Normal condition 


588 CHAPTER 9 TESTING A CLAIM 


in, since pois the same a before 0.50, The new sample 
\ proportion af sccemes sp = 607150 = 0.40, which makes 
the test atic 


As Figure 9.10 shows, the Psalue isthe same as before: 

yo.0071) = 0012 
When we revered success and file, we simply 
changed the sgn of the tot salitic = The Praloe 
remained the same. This fact i tre it general: our con 
‘9 our intial choice of succes 


‘Acar the Natale fr OneptionlSefey rl Heath ob re pe 


‘moje threat the hea of ween In xo srey af eat eraployes, 75 
{0 thal work rem mpc om he perl Une" Manges age 
‘stuart chu moe netic th national lt ede fr het cmplyces rar 
‘tpl of 100 enphyes Beta 5 anewee Yer when eed “Dn werk tre have 
‘gave np! on fr pred pp em hak the option, 
‘fell employee tn he chk che wold y "Vor nb the mol poo ob 
(0757 Sopp yt ener wih «ise 


Why Confidence Intervals Give 
More Information 


“Te rest of sgificance testis basically a derision to reject Hy o fil to eject 
“Hg In Taeyeoe's smoking study, for imsance, the data led uso eject Hyp = 0.50 
and conclode that the proportion of stadents a his school who would sy they 
Ihave never moked cigarettes iter from the naional valve. Wee Jl wondering 
what the acl proportion p might be confidence inferal might shed seme 
Tight on this sue 
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‘Nonsmokers 

‘A confidence interval gives more info 

“Tueyeon found that 90 ofan SS of 15 stds a that hey had never smoked 

apie We checidthe coer peering he gees xe. 
‘Ne consuct 2 confidence intenal fo the population proprtion f, we 

seek cee tbh fe tkent 1. ee  ae of 

senesand he mbes ne ple respectively, we can 

(Our 95% confidence inter s 


22 EB 0105196 RE 04040078 22,0874 


‘We ate 99% confident tha the snleral fn 0.522 to 0.678 captures the true pro- 
portion of students at Taeyeon’ high schoo! who woul say that they have never 


ae 
e 


he cones ena hi came mah mae an he 
fesnce i we frm enc Tne gethe asp that se 
Sate ih Sold We wold ott nid te to option 
Sl itdet heer hel vh wo wy ey ive neve keds 
Soran ac 35% or an gh 75love we wood be pie 


‘est ang for One 


eiepecomparcce = 
EPPS at STs escent ser Te ota 

. 
2 re 


[IGURE 811 ms vt rhe eed scarce at = 005 and 5 coerce 
ral Taya ong 


‘There isa Ink betecen confidence interas and twosided tess. The 95% con- 
fidence interval (0.522, 0.678) gives an approximate range of ps that would nol 
be ejected by 2 toned tet at the a = 0.05 significance level. With proper. 
tions, the link sa'tperfet because the standard error used fr the confidence 
inten! is based oa the sample proportion f, wile the denominaio of the tet 
satis sted on the vale fom the al hypothesis 


Tete jis Cites mr jf 
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“The big dea iil worth considering two-sided tet at sgificance level a (, 
005) and 2 100(1 — a) confidence interal (2 95% confidence internal If 
‘a= 0.05) ghe similar information about the population parameter. 
‘What's the connection between confidence intervals and two-sided tests? 
Eater, we performed test of 

Hyp=050 

Hp=0s0 
where pis the trae 2 of students at Taeyeon's school who would say 
they have neversinoked. suming Ho tue, the sampling distibution off wil, 
‘be approsimately Normal with mean pr = 05 and standard deviation 


[3251 — oon. iu 912 hws hpi drt, and mee, 


Hn a = 05 nel fut oad we wil et 
m oun 
‘Eien Hn ot we erent fe toga 
ty Yes than 0925, 30 the Reale forthe 
Frovided Yet would be le than 0.05" and 
tne ofthe fet Hs epoen Figure 91, 6 would 
ie fo be moe than 0 apd devin a 
fe Beene 190.01) aout 0.8 as 
fat are Tem than 042 or eat han 058 woul 
leet cminaeatts 
thea roportion lh noe of thar 
ton ont ee en lane np 
coals hel cated afer ee = 


‘abcd (BEB cin 
tcp tan 5)09. 0 
Sethcboaiinie Secete 
ott stanine ed ak 
seh ce ey cine 


inlade pasa plu ale of he populton 
Frvom, Sh tes conc 


FIGURE 912 Thecomecion batman rsd rdcan- wold lento a eect Hy comes, 
force lr Avaua a merece egcer egos If the szple proportion falls in the “El to eject 
fin tconincted pataectanpNeaandp 140 ren, the pen veo fn Figwe12 
inf alte ogo ailead ine coerce arate the resting 95% confidence interval would ince 
Indes as alae be peptenpopri. py that cave but thesgficance tet andthe con 


‘dence inter would be unable to rule out py as 3 
Bloie ramet ave Hwee f= 058, he conf eral 
docs not canain 0.5 even though the significance tet fist reject Hy. The 
lnconsident esl ated o the erent standard deviations wed t calculate 
the test statistic and the confidence intra. e 


“Te imperfect link weft described has only fr confidence iter- 
vals and trosided te. There 2 conection between onesided tests 
and confidence internals, but ss mate complicated and not nearly 
efi 
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(CHECK YOUR UNDERSTANDING 
“The fer bk hos Mantle iif ean onde intl 
(he vodrant worker dat hc pro Check Your Undentandny pu 98) Flan 
hoe tc conic minal caters wath but es more nero fun th fo 


Summary 


* Aur cavenes neal, you shad vet th ete contin — 
‘Random, Normal, and Independent — ate mit before you carr out a 
signcance tet Ly 

(+ Sigulicance tes for Hap = py ate based on the tet attic 


fea 
with Pxaloc calculated fro the sandal Normal debut 
+ "Theone-sample : tet fora proportion i tly coneet when 
(Othe dats were produced by and pling or random aime, 
(2) the population i at leat 10 ines as large athe sample; ad (3) the 


sample sage enough to satisfy np > 10 and (1 ~ py) > 10 (thal i the 
txprcledmurnbers of saccenes snd fats are ba at Kast 10), 

‘+ Follow the foursp proces when you ave ask! to ary ut sigiieance test: 

STATE: What npothee do you want to test, and at what significance 

level Define any parameter You ne 

PLAN: Choose the appropri inference method. Check emaitions. 

DO: Ifthe coodtions are met, perform calewlations 

© Compute the test statistic. 

Find the Pralue, 

(CONCLUDE: Interpret the els of your test inthe context othe problem, 

“+ Confidence nals provide adil information that significance 
tests do not—namehy ange of plasuble values forthe tue popolatinn 
potumcter pA rosie test of Hyp = fs atsigficance level a pves 
‘oughly the sme conclusion 22 100(1 ~ a) confidence ineral 
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(hy) Find the Peal using able A. Show thi lt 
‘ites ra nd Nota ee. 

8 Dont angie Reker to Eac H4. ex Yooue's 
sey, Mant te ple mel er coe 
cercrigeevih cle 4 
(a) Cate the tet stati 
(b) Find the Peal sing Table A Show this mult 
beatport: astray 

1 Signicance tes Atestof hp =05 ves 
eS helene 
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sor th ee sp fe sided at 
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ek, Manas ct beste gp 
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You pb aja te withered ero 
Hep=075 
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ste f= Ka le oppose he 
{eden who ngapel tal 

1 Acamdem ap of 558 dle choo dente 
weaned, 
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Hypo 0s 
Haas. 

Independent 4040405) = 2020 an 4001 0.5) 

= 20nre beth a en 10 


4 Normal here ae emt 40,408 eis i the 
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SI 089, Phe = 10.1867 = 09133 
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aege ad 


egeletepnind Wee id ker at 
perpen of al ine easton a hunny 
Sthothot beng em welll poant der fm 
(Be eaten wl Bh? Canyons tata a= 
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1. Teen drivers Refer Eee 


(a) Constrst and inert 55 confidence 
trea forthe pop fall ec the ate 


fel tg batt cep 
() Espasa dtr pata you 
thou the DIV lam, 


52 We wt nb ch Ret Er 5 
(0) Cotas 
Reed iret pores palate: 
Porro seeder 
cone tly 
(8) pw th pt aoe 
‘hen Chet tld a 
peu 

5 Doyo Tite? Ine 208, he ow ret 
Amcteyn if Pre ed enon mc of US. 
‘hit "Do you terme Tar or omer 
eather Geet 
“brat thes een ow ning 
‘eee ial 67, OSI" Cate 
{netmapr of 
Unde whe ea wy ty Teri ee 
Er permeniad 

4 Lang wight A Call Gn i 5 te 
peo romeo phen cel od 
Jeet aie Cah” Gallop eee “Rr 
‘bene al sample te a, 
tmemey ell FN ents ba meee 
(coping ome a3 narod 
{oe el etd a ec 
i a US alt wh woud yy ant one 
ng en 97 to re 


58. Towne ed we The Gall Yh Suey aed 
‘arden mpl of US. ere ged 13 tr 17 wheter 
they thought thal young peopl show we have 
‘extol nate The Mi tpl below ones 


the ele «etc at aaa 95 elence 
teal ed the ey ate 


(a) Dakine the pam oichrnt. 
(&) Chek thal he enti fo pring te 
Sggtieaee beter edie rea 

(6) Inkopeet the Pde in eet. 

(Dot degre ering cet ar 
etd poplin opti il es Oy 
pumahalatgers alicmerger ry 


(a) Define the pammcterofinlere 
() Chek ht he conden or peri de 
Senbomer tare met in hisen 
(c) Ieee the Pal in eet 
(Doce data gv conning evden Ht the 
‘tual poplin proper rf 0.15 aly 
{our ace eh appa: evil 
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oa 


5, Aeron ep ng ofl pn he 
secede « elbgscl oad ssatidion conde 
‘Sve tner cae weve vr fg he 
SIR Ae SRS ds boo be 
SF rng same ws che, od tle har 
tht ape woe bier of rg eo 
Siqync yu ne sey ig sh 
cov leg i ach Th pepe a 


SR. Whi ol a ening il x eis er rr. 
Igesgenite tat dee a aa papel 
Pepeten 


(e) Th popeltion dtbution shold be apron 
smat Neral le the empleo 


(Which of the fllowing 9% confidence itera 
ot lead eet Hop = 030 lane of 
Tho = Oat the 9 signaled 
(a) (029,038) (6) 027,031) (e) Nene of thee 
{&) (19,027) (d) (024,030) 


Fa Cyn 
Tee on 
(ot eaietihe eeits 
Siyscer ieee 
Pa 
facerbenan, 
efi ee 
fess oratorio 
speek piney 
(leplnfes 


1) Comet he prt at 
peer =e perp iereires Ea 
Tae pretences yt 
luce Wek tee Covered thao 
Senge fa aay ao 


{Ge CDs im creme 
© Cato find work (52) Wiles bose speed the 
een wea people? Te His 


of Expl Sey done 
‘Springer we TS 
rope 5 hr ere lng cae 
Cepeet emacs See ee 
{Sy Mel ja ess eld tet 
{a Oe el plea npg hat 
‘See nn oe poe 30 fig 
‘Nc gmp ce Hd bom 
(0) Dect cept deed Sen re 
— 
(0 How wily Ie te ube fr ann 
“ibe Din 12cm he 


Faerie 


{ey Espa the pee ona gop th 
stg 


Tests about a 
Fiasectin93, Population Mean 


you'll earn about: cosiencenerak sel sificance fo 2 population poprton aed 
+ Canyog oot a Snr mth and Nona to none hot pin 
i "giles tte» fmean mesa don wisn I degrees of edo, except the ae ce 

‘then te population saad deviation as know, We led owt contact 
yj Tinanesample tat cofidence interval fara mean in Section §.3. Now we'll examine the 
‘ita of eing 2 cai stan unkown parsnterp 


Carrying Out a Significance Test for ju 


Ioan eater 3 company claimed to have developed 2 new AAA httery 
+ that ats longer thn i regular AAA hateris. Based on Years of experience, the 
‘company knows thats gular AMA batcries Lt fr 30 hours of conswous ws, 
fon average. An SRS of 15 new blleries lsd an average of 33.9 hours wih 3 
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standard deviation of 9S hours. Do these data give convincing evidence thatthe 
‘ne batteries la longer om average? To find et, we prior 3 est of 

He = S0houn 

He p> hou 
where jis the trae mean etme of the new delune AAA bts, 
Conditions fy now, you ate fia with the thee conditions that should be 
met before performing inference aboot 2 popelatin mean: Random, Norma, 
snd Independent Asi the previous chapter, the Normal condition fr means is 

population distribution is Nonna or sample size sage (n > 30) 
‘We often don't know whether the population distribution is Normal, Buti the 
sample sie i lane Ga > 30), we ean sae ary outa sitieance et de othe 
‘ental lant theorem) Wf the sample size small, we should examine the saple 
dats or ay obvious departares frm Normabiy, such sshewnes and outers 
Recall rm Chapter shat th procedres are ute robust pat non-Normaty 

ofthe population exept when oats of stg shewnes ae pres Fo sg 
‘ance fe, “Wobus” means tha the staked Foal prety aceurae, Refer 10 the 
idles on page 512 when checking the Normal condition fora onesammple test 


Better Batteries 
‘Checking conditions 


sh dopo, xp and Normal probaly plot of the 
28 sho dig, sd Naa pity lt of eatery 


FHGUME 819 (Ace aka a Noma pba oe ie ca 

‘ope dor set 5 AAA ai. 

FROOLEM Chak he cmd aig tain test tthe company's abot 

Inedebne Abate 

soon 

+ and The compan tastds snl ro sample ot Sew AMA ates 

“sme fe apie debit ete rhcamgan een AM 

bares Nor Wh ach ena sce 15) ae olmpc he dt ro eae 
SS 


1 pent, Sch ese hn ond wow pacer nee ch te TO 
‘andton reeset ieast 112) = 120 ee AAA wears Ts seams rasa 


e For Practice Try Exercise 63, 
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Calculations: Test Statistic and P-Value When performing sgificance tet, 
‘wedo ealulstions assuming thatthe null hypothe Hs true. The tet tatistic 
‘matures how fr the sample result diverges fom the paramcter value specie by 
Hy, in standarbzed wns As before, 


statistic parameter 


‘estsatite= dard deviahon of talc 


Fora test of Hi 
ion i 


4, our statistic ithe sumple mean ¥. Its standard devia- 


Ian ideal wold, our ts statistic woul be 


Ma 
Because the population standard devistion oi uml unknown, we ws the sm: 


ple tandard deviation «place. The resling est static has the standard 
‘ror of Fi the deneminstor 


on 
“A 
Me 

Awe scat, hen the Nana contin cc i icant 
thavale ages effeear, 

te Sct 5, fed Tie Gd tel aero the tos 
sieceoindig epkiony baron are ison pesiien soe 
‘pce we hae ele the tts oe a eae tind th Pl 
fraps esha. The loin can ew ows 


Better Batteries 
Computing the test statistic and P-value 
“The ater compen wah tote = 30 ver > 30 bad on a RS 


n 
of 15 now AA Batteries wih mean iftime X= 34.9 hour and standard devia: 
ior 4 = 9.8 hours The test stati fe 


“The Prale ithe probity of getting» result his large or largerin the deci 
inated by H. that, \¢ > 14) Figure 9.14 on the next page shows thie prab- 
ably 2s an area under thet distabuton eave wih df = 15 — 1 = 14. We ean 
Find this Pale wing Table B. 
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Coleted= 11m. The appear ra 
faa lle einen the | 2" pe nos 
tales 1345 and 171, tf 


re es 
nde cae | 
oo es 
a es 
Teiateedtetaee | commeninns 
Reco ton nee 

‘right. Since we are looking for Pyt > 1.54), this i the prob 
rend Tasnetrechswtuat tater 
iy 


TIA Te Paine | 


Asyou can see, Table B gives ange of posible Rvalue for sgnfieanee ts 
‘We can sil daw  conclasion fom the test nach the sue wa a8 if we had a 
single probabil I the ease ofthe new AAA batterie, for instance, we don 
have enough evidence W reject Hyp ~ 30 because the Paalue exccedh our 
default a = 0.05 sgieance level We cant concde that the company’s new 
‘AAA blteries at longer than 30 hours. on average 

Table has oer limitations for nding Fale, inchades probabilities only 
{ort dhtnbations with degrees of feedams or 1 30 a then skit df = 40, 
50, 60,80, 10, ard 1000. (The bolton wow ives probabil fr df 20, whic 
correspond to the standard Normal curve.) In adetion, Table B shows probabil 
ties ely for peitive value of To find a Pale fora egative vale of, we use 
the symmety ofthe ¢dtibution. The next example shows how we deal with 
‘oth ofthese tne 


Two-Sided Tests, Negative t Values, and More 
Using Table B wisely 

What you wore performing et of Hp = 5 vers 
Hi:p a sbned on arpl se fn ~ 37 and ob 
Sr Shce thie wosied te, you ate ier 
‘Sed in the probabil of pti ah of th 
Sion gpeter than 3.17. Pgue15shows the deed 
Fale aan aca unde the ton cave wilh 36 
‘ego of fed, Nice 
Mat = 307) = N= appr pean 9 
5.17) de othe mete 
etindaye |" = oo 
Since Table 1 shows only | 2° 27% 3031 2306 


pontine, trfocy, we wil [2° 270 SES 
Komen are am a7 
conten tr! € 


FIGURE 15 Tre Poa ams et int = 3.7. 
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‘One point from the example deserves repeating: f the of you need 

‘ut provided tn Table Buse the next lower df that ix aailable. Ws 0 
fair“rounding up” to higher df. This is ike pretending that your ssmn- 

ple size is ager than it really i, Doings would give yous smaller Pau than 
‘sactually true and would make you more likely to incorrectly reject Hy when 
Ws tme (make 2 Type tence, 

Given the limitations of Table B, oar advice ito use technology to ind Fealues 
‘when carving out a significance test about a population mean 


£ TECHNOLOGY CORNER Computing Pralues from 
{distributions on the calculator 
You can tne the cet command on the THAW and 'TLS9 to calculate a 


es under 2 dstributin curve. The statis tot (Lower bound upper 
‘Send, To aces tht command: 


Ths n89 

Pres SACD (8078) aed ‘rom the home screen, 

choose teat pe CATRIONA) 
‘and chon eat. 


{ets we the so command to compute the Pealues fom he las two 

comple 

“Herr batterie “To find PE > 1.54), execute the command eat 

‘Tosi tet Ts ind the Peale foe the twos ft with df 30 and 
17, execu the command s*ec3f-300, 1.27.36 


tedPC1. 54, 100,14 


gator 
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EK OUR UIDERSHIONS 
(eer baprrer er 


Hep=0 
Hopeo 

shee rem ens nob ttn ne (pd ~ machine pad 

1h ppation oop ie ecko the mp de Brn nde see of 

Weoen rel = Wanda = 6 

1, Cala the tet tite Show your wrk 

2 Use Tbe Bod he Penlor: Wtemcaion won ou don? 

5. Now ne yur neler i lc Poe dren the Techs Core 

yourreadt coment wale yo ane n Ds 2 


The One-Sample t Test 
en on i et he poption men 


= : i A A 


‘Use this est ony when (1) the population debi f Nocmal ar the sam- 
Eker ee Eh patna 10 er et 


[Now we are ready to lest 2 clam about at unknown population mesa, Once 
again, we fallow the fourstep proces. 
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Healthy Streams ny 
Performing a significance test about 

‘The level of dinalved xygen (DO) i a seam or sve isan important 
Fico fhe wate bio suppod aqua ie, A researcher measites 
{he DO level t 15 rndomly chaser lratonsslng. steam, Hee ate the 
sul an gas pet eg 

453 50) 120 525 415 550 48 440 

S42 638 401 405 287 573 555 


A dasolsed cxygen level below $m puts aqui ie a ik 
Prose, 

(s) Coumeconid ta pie nth stream sat it Cary ont stash at the. = 008 
‘Space ete ou nts ston 

(0) Ge you cnn part) wi ind of isaho—a elon ope erated 
youhure nade pan ts state weudmen cont 

sownon 

(0) Mew oe he step css 

“STATE Menuet test acim abet hata mea dashed ogee) nth teams 
‘ery = 0.05 el Oe petheses ar 


Heed 
Hepes 
LAN econo rome shel deans eto. 

+ Rando Terese mens hOOdt15 ado ove crs, 

1 Nl ede tower he poptie dtr Del a pel este 
‘eNeral th snap see = 15} meeedo baat he date aoe 
(Prctows Figen Testo tnd ets aca beam ope aN 
‘Poa plot reser Te ctaya els symner: h pet shows tes 
[dthe oral tary et tary ear Wh ets rsin shewns, the peed 
“Soubeprey scares ore ppstin dstmrior Hom 


[IGURE 836 Skchos fata, apt an = Noma pbb pl rhe 
esc eye (00 erg nba sence mg 

+ Idd Tes inte member of poset ag the stream sta 
casas chec th Oh conden Weds need tacoma hat nO measurements 
eeniepdee 
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DD: Westend dts ur cstoran ad YarStats 
(wescrenstr} Resanpe meats 4.771 athe sample 
‘Sanded dion. = 09396, 


[FIGURE 8.17 The Poaiue fora one-sided test whan t= ~054 oi 
+ Pee ePrice = —0 4dr tin cot 
lnpestiaion t= 191 4 Figo 7m poy 


Wig cl eco bd te xc Fa wna car td 100,-094.14)= 
oxete. 


‘yeah Tae sows ny areas he ape tae he 
ettctin acme Laer espe | PPTAM Prema P 
<-084) => 054) Semathedl= tarot tate | © 3 
lorerestat acket 094 raethemcere serge). |" mm 
ecasthe obra then eter O.865204 1.07G.the |< 

Faioeesbetwes 020.0405 Moincomistetwththe | 16 hi mh 174 
aeatrs0 1016 mm 
CONCLUDE Tene, 01016 grater tase = Contiaence ev! © 


(0.05 pane oe As ares etary He Wed 
ve emu eno coca he mes Olen te eames than mg 
(0) Shc decent oes Hapa} ecole made pe Leino 
Nye ie) the the mcd one lel nthe steams actaly eet 
‘han mg btn dtc st whic 

For Practice Try Exereses 71 and 


Because the ¢proceduses ate so common, al statistical software packages wll 
do the ealelations for you. Figare 9.18 shows the oxtpt fom Minitab forthe 
‘onesample testi the previous example. Note thatthe rats match! 
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‘You can alo use your caleulator io cary outa onesample est. Once again, be 
sure to tea the AP exam tip inthe margin 


TECHNOLOGY CORNER One-sample ftest on the 
calculator 


© Youn pelo aomesample tt sng ithe su data suman sais 

ini so Ta eye ee ry oa i 

venus Hp < 5 fom the dived unygen example Stat y ening 
femme datsin Litt The, od the a 


mTisyse Tis9 
‘© Pres(EBM] chome TESTS and © Press [HOT (17) and choose 
pence oewster 


1 ‘efi a4 Stats| 
bi ah 
Esvehi SS Orbe 


tention curve (@f = 14) with the lower 


you ae gen summary stasis instead ofthe original dat, you would 
selec the option “Stat intend of “Data” 
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(CHECK YOUR UNDERSTANDING 

lle peer pec hl dent at iho ae ting ethan Shr cf eep 
rhe vera Te tat hs beth pooner a tnd sple of 3 sede 
te cle yo lt ght Here ae edt on rh 


DESGSSGESGTINTASGN 636610784 


Doth date rie coincing evidence in super of he ofc’ pin? 
tut snepuieene lathe = 095 eel te helponees th gorse 


Two-Sided Tests and 
Confidence Intervals 


‘Naw let’ lok at an example involving 2 two-sided tet 


fs 


mao en ‘sind 
sal pcp other ci 
7 mates 


(2) Deering tert rameter Sow wr 
(0) Doshve dst saps te mse ego paces ode Ne Bb changes 
‘rt appeal endear Yet se | 

(c) Connect he nw eatin rte anced mea wiht cars 
Proscedt pune msser 

sournow 

(2) Femtte Maa st, he terri rages = @,— @)=34 115 — 28.880: 
14.125 dda ere +1 es tay — 1.500 cored at 
the. 


+ 150m = 34.199 + 1546125) = 403025 >35547, 
()— 150m) = 29 290 — 156 125)= 252025 < 26491 
‘Sothreaensctrs Hees thr myst hv The minum nly 1.452 


‘sult inimam oy 3.495 2, Sebo tes stances less th he hate 
— 
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(P)STATE Newatsatest etpotes 
yaar 
Mepest 
shen temanee (oma talppls pombe Ser i 
Cancels renee 
Tas scoala ops etry 
+ Ende Tests cmehoma do sample 50 pepe rms ear 
+ Nal We doo tee poping ets 
nay dred ot = 50> 30 thle saps hea tetera 
tes) aes OK ot pce. 
* pit Teenie as 150) = 500 pepe te be bcs maa 
ecsampng we rpceme (SO coi) Wea ec mary meat 50 pape 
eagetea™ 


0 fromthe Mbox T= 51.898 ncsand = 2.594 


31995-31769 
Mea 


+ Po gue 9.19 play the Pe fr ts wn ed eta 
“nares ner the Ltr cane wth 50 — 1 = 9 ders 
treaion. 


yc Mec dhe et Paes t= 4 ha 
iter 2° Edt (2.762,100, 49) = 0.0008, 


ay 
- 


AO roetotndonre 2 762 the cp sgt 
‘stows the ser es eter 2 704042971 dhe 
‘yer tle sete 0.005 40.0025 Sethe 


decors Kan coc ht he meas eh he ape er crop 
Somers. 


(e) Ne. Mis nasa compare xine 5 comet ecu isos tat 
‘tetas ess hg rtm ert ees os ears vg sas Maye he 
‘esheros earthen aa yh pags ere ene 


@ For Pr 


he sigpiticance testi the previous example concludes tha he mean weight 
‘ofthe pineapples grown i the fel this eat fer from ls year 31 osc, 
‘Unfortunately he est doesnt grea am ides of what the actual alu of For 
that, we need 3 confidence intereal 


© Try Exercise 75 
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Juicy Pineapple 
Mints opt fora igi et nd ein nea asd onthe pe 
2pple ats eown below. Te et sabi and Pak match wal we eer 


(apt rounding). 
‘One-sampie: weigh (or) 
eight us) £0 31.936 3.39 2.939 (9.366, 32.6161 3.76 0.008 


“The 05% condensin for the mean weigh ofall the a 

iedinyer 01200 s25l0cmee Wea 9° coer 

‘slept he ve mean weg fis yeas pape cop 

Awl propationy thee a ik between tosis sical 2 

ands 1800 ~ a conidece nena rs ppt mea. Fer the pe: 

‘nt atts OF wpe p= Tier 
cmopendng 9% conbence eral ec och 33 pa 


value ofthe In other words, the test and intra lead Wo the same 
Concha about Is Bul the confidence itera prewides nach more inform 
tion tof plauubl vase ot the population mean 


“The connection between teosided tea and confidence interval even ston: 
get for means than it was fe proportions. Tha because bath inference metod 
{or meat une the standard err of Ft the calculations, 


pares Confidence nea 34 
Vg In 


‘When the two-sided sigficance est at level a rejects Hy: = us the 101 — 0) 
confidence interval frp will ot contain the hypothesized Yale yo And when 
the test a to reject the nll hypothesis, the confidence interval wl conta 


Ir thore 3 connection tetwoen one-sided tert and confidence itevalt 
PINK 913 poputtion mean? Asyou mit expect the sme iyo Ba eink 
tmore complied, Gener 3 ened tt of Hag 10 sen Hy > 10 
ABOUT EStdonan SRS of so cnewatons With df= 30-~1"~29, Tale By tat the 
TT tatwllcet ata = 00 the est tts grentrthan 16, Forth to 
topper, ie spe nan T wold have te exced ig = 10 by meen 1.29 


‘om either side of the sample mean. I exceeds 10 by more than 1.699 standard 
‘aed unis, the resulting interal will not include 10. And the onesided test will, 
reject Hj = 10. There’ the link oor anesided tet a a = 0.05 gives the sme 
ccnclsion about Hy 2+ 90% confidence interval for p. 
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Pied data 


Panred ¢ procedures 


1. Do the sole fhe scace ft ll at mca hat the mean bl pes 
sare ral the compay’s leaped male employees er fa he 


Jon your anoer 
2 Interpet dhe 98% confide inal in conte. plain how the onde ine 
dead tthe se oncom in Quest 


Inference for Means: Paired Data 


compart sites ate ore cnc tha snap nein. Foe 
Pepe bepetrsretnapy einen anpenieis prea 
Sty dv at cle main oo bro ote In, 
Se neato on each tata dy ret pated daa We 
SSexmple ofp dts nef snacon say of Seton bn 
inated pus eprint each worker fan ted eal 
slipced snr work an ser machin ace ncn wk 

‘When aed dare fon mening ane quate vale tie, 
an inthe ob atlcton dy we can compart by ating he ier 
ces chp hc oie nrence se me we eto espe 
{procedre to pero nec abot the mean eae (rae mth 
{fescue alled pale |procedues An ample soni lp tte 
‘hate mean 


Is Caffeine Dependence Real? fe 
aired data and one-sample t procedures 
Rescarcher dia an expen to ty the ef of allie wide. 
‘rented I volunteer who were darond a Be callee dependnt a 
[eclerweat eer esha ape opera 


Dung 

subjects took capsules containing thet normal caffeine intake. During anther 
Foci pr cy lak pct copes The ere bch suc ak 
‘feine and the placebo was randomized. tthe end ef each two-day period, 3 
test for deptenion was ge to all IT subject. Rexcarcher wanted to know 
‘whether being depeved of eafeine would lead to an inezease in depression" 
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cam 


“The table below contains dat onthe subjeey scores on a depres ls. Higher 
scores show mote symptoms of depresion. 


eoouee 
(a) hy drsearcranomty sgh deri jects ced plc an cai? 
(0) Cary otarerttelnmsige te sere gestion 

soutien 

(a) Reserhrs ar tobe tcc at stitial scan change 

‘ari dash tenors temsees ad eo someting arte Ona i are 
le thndr oth tetera Maye cain verge ath tet might ead 
ledge dug the ce reste han hepa ae pen fst. Rand see 
‘ent oth cen sd ste a ine per te permet tou eer as 22 
stearate enemy acing ty pen, 


exw woddenpec te seta mean 
stein depression scars to be 0 Weta woe atest he poh 

Heme=0 

Hemcro 
rej the te mene ore (pcs — cae) a depression cre (Hechose ode of 
‘Sabato oe mest poste aes) Sac sige ge. wus 0 = 0.08, 
PUM ihecndtionsne nt, shod conact pied est or, 
1 Rando Researchers andi sipadthe tenet eke placho then cal. 
hen patbe—so thee. 
| Noms eden ow tether the cacti dene departs 
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FAH +e 
noe] oma 


‘POURE 829 Steches cl hit, «bap an) «Noma probably le ot he 
‘changein dessin scares Gano care) tte ff sates nihe care pre. 


00, Weemtared he cain aan st andthe ceo atin. and thee stot 
awn eps cress? Ut) ns Onerae saes deen gs 


Fillox 


ance test command whe Ta opin 
+ tte 1353, 
+ atte 0.0027 chs heaeto the ight 5 5Son tht asrtin cae wth 


Paice 
\ 


ete Tecate pr te gest ado bt youshod 
‘CONCLUDE: Wha Fir f0.0027, ichis mach es haar cose = 0.05, have 
coca dene jit =| 


For Practice Try Exercie 89 


| fx follow-up comments aboot this example are order 
1. Although the dferences in depression et scores forthe 11 subjecls are 


independent, the two depresion sore fr each subject tena independent 
‘When you're working with paired deta the Independent condition refers othe 
ferences 
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22. We could have calculated the tes static inthe example sing the formula 
t= ss T3040 553, 
a 8187, 
Ne 
and obtained the Palue using Table Bor the calculator’ cot command 
‘Cheek with your teacher on whether the ealulstor-only method is acceptable. 
[Beare to report the degree of freon with ay procedure, even if ” 


twohnolagy doce 
3. The vabject i this experiment wete mot chosen a random from 

the population of eal individuals Ava eal, we eat generalize 
ur finding al eatfsne dependent people—onl to individual ike the anes 
‘who tok prt inthis experiment Beez researcher randomly assigned the 
ttealments, however, they ean make an inference about eause and fle. 

4. Remember 2 confidence intenal gives mote information than a significance 
text. AOU confidence inter forthe true mean difference (placebo ~ 
catfeine) in deprenion score 


% 


* dallas ne 7364-4 3.780 = (3.584, 11144) 


‘Weare 90% confident hat the intra frm 3.554 to 1,144 capes the true 
‘mean change in deprenion score Thal, the data give comineing evidence 
that depriving inna ike the omc thin experitent of eae els 
av average increase of between 35 and 11 pont in depresion te sore, 

Until now, we ave only sued one-ample ¢ procedtes in stingy involving 
‘and sampling, The pated dat inte effin example came fo a matched 
pairs experiment, in which each subject reecved both treatments in random 
‘order Aen tn or some fer chance proces was used cary ut the random 
Ssnignment Why ist lest o use 2 tribution to perform inference about 
the parameter in a randomized experiment? The answer to that question will 
hae to wait ntl the next haplet 


DATA EXPLORATION Nitrogen in tires—a lot of 
hot air? 


Most automobile ies ae fled with compres ait, which consis of abot 
788 Air tes ae filled entiely with itogen, which i safer than 
air in cae of five. Could filling automobile ties with regen improve safety 
performance, ot both? 

Consumer Union designed a shady to test whether nitrogen filled tres would 
maintain pessre beter than at-illedies.They obtained fa tes fram each of 
‘several brands and then Sled one tre exch pat with ar and one wth rtrgen 
(The ale didnt sy, but assume that these asignments were made at andom.) 
Al ies were inflated ta presi of 30 pounds per quate inch and then placed 
‘outside for a year At the end ofthe year, Consumes: Urson measured the prs 
‘se im each ie 


Section 9.3. Tests about Population Mean 581 


"The smount of presure lat (in pounds per quate inch) during the year forthe 
filled and rtrager filled tes of each brand is shown in the table blow: 


1. Make a seatterplat ofthe data sing at prewure Tos sth explanatory 
‘arable and ritragen preme Tou 3 He respone variable. Hem des the graph 
tow that thew are pated ta? 

2. Ad the line y= «to your seater Wht do you otic? Explain what this 
pater mean 

‘Now lets anale the dferences 
3. Check condtions for performing inference about the true mean dference 
‘in pressure ln at ~ arog. 

Although the sample size i late (= 3), thee ae to high litt wil a 
fectany result we get usng¢ procedures. For that reason, yu need odo Questions 
Fad 5 tice once with he nie inclined and once with the eur removed 
4. Cany ota sigafcance et the «= 0.05 level. Da thee data give conning, 
‘exdece that lg irs wath tegen tea of decreaus peste Ta 
5. Construct apd mtereet 3 95% confidence ineral fj. 

6, Desribe the effec tha the two outlier had on the sificance tes and 
‘confidence tere 


Using Tests Wisely 

‘Siguconce ts ae widely cd in reporting the reslls of rescrch in many 
fick, New drs rogue sigufcant ence of eeehvence 3nd fe) Courts 
[aK bout staal gscance m hezong dneriminaton eats Marler ant 
to know sbethera new ad camprign sgniconly outperionn the old one, and 
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medical rsearchers want to know whether a new therapy performs sigiicantly 
bet. all these wes, statistical significance valued beeause it pants to an 
fet tals unity to occur simply by chance 

‘Caring outa sgficance ts often gute simple, especially ifyou use a eal 
culator or computer. Using tests wie i ot so simple. Here ate some pint 0 
[cep in mind when wing or interpreting significance tes, 
Statistical Significance and Practical Importance When a nll hypothesis 
(Ca effet” or “no diference" can be rejected 3 the usual levels (a = 0.05 of 
‘= 0001, there good evidence of diflerence. But tht difference may be very 
Small When lange samples are availble, even tiny deviations from the nul 
Inypothess wil be sguieant 


Wound Healing Time 

Significant doesn’t mean important 

‘Suppose wete trating 2 new antibacterial cream, “Fortmlation NS,” on a small, 
cata othe aoe fea. We no fon previo research al wl 0 
{nedeton, the mean healing tine defined te time forthe sab oll aff) 
da wth wandarddevitiono 14 an" clan we wa es ee 
(hat Fonaltion NS ped healing We wll une 5 agicanee eel 
Preedae:We ct random sample of 2 colloge stants ad app eran 
SStthe won The mean ligne tthe acs 271 day ed 
the standard devin ny = L4 dy 


auton: We wat tt claim abt the mean hain tne nthe pop 
lation of college sides whene cals are wed with Perma NS Our 
typthe ar 

ligp= 76d 

emery 
Ancomintmelte shonin og ew nn 
evan sores te emt Wea Thee a 
{hd Peake OOF Since OM le tan = 0, we eject ad coche 
il Fama NS aig fl aisle. owen, ths els 
opal npr Hav your able lady ener des. 


Nai crt re te 
oa one ce pt 
fit futecsopaatacaiiiaad natal 
iene ayant cn enc en ae 
Scarab Si snc aes 
iShfapecea ced coe ape aes 
he ian abt emmnear 
Teper ee ear rom 
punter oper ire Siaer ieee. SYP 
foo tng eyo vou ones 
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the diference is lnge enough to be practically important. Give a confidence 
inter for the parameter n which you ate interested. confidence intel ach- 
ally estimates the size of the ference rather than simply aking if is too Large 
to tesonably occur by chance alone. Confidence itera ae not wed a often 
_sthey should be, whereas sigaicance lestsae perhaps overuse. 


Dont Ignore Lack of Significance There is tendency to infer that there 

‘no difetence whenever 2 Paaluc fis o attain the usual 5% standard. A pro- 

‘ocative editorial inthe Brith Medical Joumal entiled “Absence of Evidence 

UsNat vee of Ane” deals with sire won of the example 
ite 


"The station can be wore, Research in some feds has rarely been plied 
tae sgnicance at he 5 level attsned, For instance, a avey of four ju 
‘nals published by the American Piycholopieal Ascistion showed that of 294 
ticles using staitial tess, only 8 reported resul that didnot attain the 5% 
Significance level "hats too bad, became we can learn reat dea from suds 
‘that fail to find convincing evidence. 

{some areas of research, smal differences that are detectable only with large 
sample irs canbe of great practical igifiance. Dataaccimlted from large 
‘numberof patients aking 3 new drag may be needed before we can conte that 
there ate lethrestening conequences for a small umber of 
people Wher planning a uy, very that the tes you lan oie hat Y 
Koh peek owe of mtg « foes of te op 


‘Statistical Inference Is Not Vaid for All Sets of Data Badly designed surveys 
‘or experiments offen proce smal results. Formal satitia inference cant 
‘correct basic fs inthe desig. Each teste yalid only in certain circumstances, 
‘hth propery produced data bem particulary important. 
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Does Music Increase Worker Productivity? 

‘Yoo wonder whether background music would improve the productivity of 
the staff who proces mal orders in your business, Afr discus the dea with 
the works, you add music and find 2 siguficantiaerease You should not be 


Hlovthonicelcel creme Thiet Hawthome ef, ome ser te Wester Hee ana 


‘the tet comet informs you that an increase has occured tht i 
langerthan would een ase by chance alone. It does not tl you what the than 


terped 
ent wh thst et kun acd 
‘autragience mesg 


Siicance tts and confidence interval at based onthe Ls of probability 
Random enpling and random aaignment ensure that these Laws apy. Always 
sak how the dta were produced. Dont be too imprencd by Paalues oma pinout 
‘ont you ate confident thatthe data desene a formal anal 


oan ]ar mare ncn nol 

Samak — |Seomremum mane’ 
ermsmmos | |SPRI |e DN naam amen 
Sener 


>" 


S| ge 


Bowate of Multiple Analyses Sttsiclsgucane ought to mean that you 
tune found a dfernce thal you were looking for. The reasoning bid sta 
Cal agnfcance wens wll yo decile what ference You ae seeking, dei 3 
Sy tn scarch or and we a sgcanes tet fo weigh he eidence you gel 
other sci, ssncance many have bile mening 


Cell Phones and Brain Cancer 
Don't search for significance! 


[Might the radiation from cell phones be harmful to usen? Many suds have 
fund litle cr 90 connection between asng ell phones and various nese 
ere fpr of snows accoant of oe stad 
“Mowe td tat coxmpared tram canes puters and «ann erp without 
eee yg teak pe cecal 


Searching data for patter is cetainly legitimate, Exploratory data analy is 
‘an important pt of statistic. Bat the reaening of formal inference docs not 
‘apply when your search fora striking effect inthe data is sccesful, The remedy 
Is clear Once you have a hypothesis, design a sty to search specially forthe 
fect you ry hk thee res ft soy taal ge, 


Do You Have a Fever? 


[he began fh chop, ed tty eign hater “” 
onan by lofprae til O87 tect i cae heer i 
Drie et nigral ds Aly Shoe, Cain Cl dae ata 
th th ash oper the egal peste cigs Ve att 
Perc of me alpen each of 10 taal a, esiy 
Ist toprol He i sme a the dale we pve nthe pe 
erring Ce St e527) 
The mean pers os Y = 982¥, 
1 The aad ein th peri ending 8. = 077% 
1 62 of hep angele tan 
De se ia pectin nce dtl Ly pti sat 
mor 
Tet p= the acta me by epee Fn he poplin of hy 
ti tiny The Mimtsb euplbeoy sos te rhs os ones 
Ute and’ 99% conten stl p (WO ao heck conto 
Eno 7) 


nd 


Since the Palue i almost 0, we have very srg evidence to reject Hy and con- 
‘ude thatthe mean body tesapeatue fox healt dull ofthis ages ferent 
{oom 98.6, We ae 95% conden that the nteral fom 98 12°F to 9838°F con 
‘ins the actual mean bey tensperture of heal adults aged 18 to 40, 

We cola donee atthe prplaton option of ai 1 
e-yearolds with body termperatoes below 98.0°F- We'l ask yon to do jst that in 
sures 108 


Summary 


+ Span tts forthe mea po Nona ppultion ate aed on 
the sapling drt epee Ds the cena iat 
thor teeing ocd appa cet rh 
ulation dando bene pe 

+ ‘Heme now cen etic he tar Nera 

mt per caesar, we kK 
‘Ta eo arse faa “er 


‘th Palue caleubted fom the ¢dtibution with t degree of edn 

“+ ‘Theonesample Hest approumateh coneet when 
‘Random The data were produced by andom sampling oa randonized 
‘expetiment 
‘Normal The population dstibation is Normal OR he sample sizes age 
(0230), 
Andependent tndvidl obser abe ae independent Whe 
cleat pcan hc nt pp tet Inert 
Tage a the sarap 

+ Confidence smcnalsprowde kktionalafomation that gafeance est 
do nat namely 3 eage of plusble vals for he parame AO 
Sided ts of Hj pu a tine lve o gies the sae conelsion a+ 
2 100(1 ~ ay confidence tena for. 

“+ aly2epe data by iting the difierence within each pit © 
[rode single ample Then use oneaample ¢ proved 

Nee smll diforencs canbe highly stint small Palue) when a et 
is bse on age szple a sttsialy scant diference need not be 


‘ractically important Pot the data to displ the diference you ae seckng, 
nd we confidence mterals estimate the acta aloe of paramoters 


a 


6 
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“+ Onthe other hand, ck ofsgfiance das not imply that tr. Even a 
lenge ference can filo be sgpficant when te bed ora mall ample, 

(+ Significance tess ae nt ahezys aid. Fully data clletion, outers in the 
dats and other prachcal prblems can smaldale test Many tess ran at 
‘ce wil probably preduce same sgulicant eslls by chance alone, even if 
A the ll hypotheses are re. 
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seo 
(0) A997 condense inher Kw ice the 
wel 


in 


(i) A conde inter rp wil nce the 
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(a) th dts come fom we Jee rndern 
pl or domed exper 

1) the peti ttn be cacy Noma 
(othe dat ean ties 

(@) he supe ie be ms mone a Ef he 
popilaion use 

(e) the ample sie beat et 3. 

{a you fod ae? 1) “Do you fe conbient 
‘ol enfin at heed abe ot 
‘oer eet?” When «Calla Pail acd 
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[Gr 952 dence» pret pont Which 
lth fllowng wees fener ar cle 
Soph oleent gee, 
(a) Calla dled landline telephone number ab 
‘andor ad ined all rope wot eine 
‘pono including people whee only phone | 
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Mater spc ome ple eve Sow yet 
ppm om pl 


i) 


(Now anawe the ener question. Show yout 
par rrery 
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“al Badly tempers ope 385, 
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9 Chapter Review 


{A sgiicance tt shows how rong the evidence 
be eer cee Rede pee ig ees 
testing the mill pies olen sy no fe” or 
“ho tleence” The aerate bypass pel 
tlle hat we peo nd eden 

“The Pale the probabil ht arom sample 
or nized exetiment wold pce 3 ea at 
{eat av exeme fv the street the mall 
Ipoh ely were te. Tat he Pa el 
tthe upringthe ober outcome Very 
pring euteomes ll Pras) re oc eee 
that hel hypothe notte the Pac 
Tehama pected ican kel a, we eet 
infor fH Other, weal ret Hae do 
not have comin erence at toe 

i eae ip hte 
comme x Type 1 ear The pea of main 
{Typetenor neq athe ptficance kel Wwe 
fal reject Ha then Hse, we have made 3 
Type eo. The power of» giles the 


probability thatthe tet wll detect a speii allema- 
{ive value ofthe paramcter. Power = 1 — P(Type Ml 
cero, We en increase the power of test by increas 
tng the sample size or by increasing ou wllgness to 
make a Type lever 

Section 21 presented the undelying logic and 
structure of sigulicance Wests In Section 9.2, we 
looked t how to perform sguieance lets about a 
population proportion p. We also led that eont- 
dence ntenals give more formation than a mete 
Pep le tpopemsionh eye 
Section 93 he anesample# et or a pops 
tation ean. We say tha ped dats reqs obe 
sample tet on the dfeenics in each pat. § 
fenpoctant cautions for the wise we of sguemee 
texts were dicted atthe end of Section 9.3 

Alle method of ths chapter work well whe the 
three important conditons— Random, Normal, and 
Independent—are satisfied. He sare to verify these 
‘condos hefore you proceed tv ealelato, 
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Thee ene ae dened lp ys mew the 
pat se eed mts of the chapter alr 
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(0) ohne ty ie per 
i om 
+ Hendin wet ret cart bos 
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thir tet the ere fort ned ig. Hare ae et 
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19277 208 T8161 126 256 42780 264 
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De thes da pve god deme tt tm 

Rtas gel han Snead ry to 
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ROS Random detect Radon ew cole, eres gx 
‘Sat wane pelea yrs wd ee ad ay oe 
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(sve therein eee hal my eal ean 
Fedo deen se id Ww homey weed abo! te 
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ca plcel sans wenple at 11 datas te che 
Seep eer eel I, fettaraf ea 
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(So se sake re The Mita oo 
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Section I: Multiple Choice Sele the be univer foreach question. 


‘TRL, An opinion pll ks» senders sample of abs 
sete they for use omen ara be 
tc ci A commenter bees at mare han 
Eo ated orc stn al ond serine 
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(a) Hb = 05, Hs > 05 

(6) Hep =O5ithp>0s 

(6) Hoop = 05 Hsp cos 
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(©) Hhyp> 05 Hop 05s 
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bout pop etn nang 4005 acre ee 
Som ner tha he hbo of the emt 
‘Nova and tm be moderacy stewed Wich of Be 
following amen eee 
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‘reo ofthe tangle re 
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fieol fucken wm sted 


‘suspects Due status 
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Hei or af en aleratine Hat the SE mea 
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feiss 
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‘iy podocal 39 ve i Ener af Cast A The 
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{01 Now. We et dw ein o  = 0085 
{Srl ame th eb cnmneed te 75 wee 
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{G) Se ond et Hate 9 = 05 
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‘Spe ofr 00 es canis = 128 The 
‘ails ot pre ope be 
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om (don, 
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oe lel 


(a) These incoming evden thal he mean tine woke 
porpapecirpe Spmrcry 

(8) The mot conmincingeidence thal the mean ne 

‘rock ah the pol err ha change 

(e) Ther caring evidence tha Ue mean ie wake 

goa pee ORAS 

(G) Thre coming eidence tha dhe mean ie woke 

‘mena the pol arice ow 7 ya 

() We came dew sconcanion othe SE since 

[eve The pleut al 

TLIO Joe TY cormmerias louder than thir sound 

Ing pre? To nd eat rescence dato 
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the lemon vale at fed ting hey ened the 
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Headache Bnd 30 second of velar prong, 

{hat Gllwed. Amuming snton for inrene ae Me, 
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(a) seme poprtion stat) paired 

(hs onepeption inter () None thee 

(e)a pared tea 
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Tie psa scl nomen 
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poh eas 

(0) Whi wood be mone eis mia i hn 
aga ped eso pe mse Jay yor 
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ee cent ink sei baie Maca 
dT tie tn Wakelin 
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STR A ret pet Sl i get 
omc oper US md pr weak ow dt 
SOUSA nile ample of 5 Rec eal 
‘Sys lec ad that west pedi on fe 
peri a hav peters here beer) 
cesses prsrenta aryl ™ 

pega ebiate may 
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(Een yt Nel ci retin iow 
() Cam yon eee ha the mean wecky specie 
‘End nd ty ile fm he natn te of SEY 
(Gove appregnate evidence spon yur ative. 
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SERENE Comparing Two Means 
Chapter 10 Review 

Chapter 10 Review Exercises 
Chapter 10 AP Statistics Practice Test 


Comparing Two 


Populations or Groups 
Fast-Food Frenzy! 


Ma than $70 lone pent ac ea 
musta eenets beret Me Jack Greenberg, former CLO of 
‘MeDoralfy les ncene 2 for eery nxt med tthe ne So 


‘nds 
Happ sun GSK spb ht npr oe quem road 


‘The 208 and 2009 QR magazine drvethrs ste volved vss to 2 random 
fern nthe 20 ipa! otf cha in sen Ding each Yi 
‘evearher ordered 3 modified main lem (for exmpe, a hamburger with 0 pickle), 2 
fide iter, anda drink Ian Hm was a ecemved ordered, othe restaurant fied 
To give the correct change or spply a straw and 2 napkin, then the onder wat considered 
“inaeeuale Service time, which the time fe when the car stopped atthe speaker to 
‘when the entire order was received, as measured cach vst! 


‘Here ar some rent from these Pwo QSR ste 
4208 52 ofthe $8 Bugs King vets edn acura ode, 20947 of 
the $29 Bergst King vis rented sm accurate onder: 

“* f.2009, McDonalds average service time fr 599 deve thr vat was 17422 esos 
With standand deviation of 1649 seconds In 2008, MeDona’s service tne fr 750 
Arvethns vets hada mea of 158 7 seconds and standard devston of 1706 ssconds. 
* Combining the dierent aspect of drive-thra ply, Chick -Acamed the highest 
overall ranking in 2009 forthe sth consecutive Year 


‘Was there a change in accuracy at BurgerKing restaurants between 2008, 
and 2009? How much dd average service ie at MeDDonals restaurants 
change in these two years? By the end ofthe chapter, you should have 
‘cquied the tools to help answer questions like thse 
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Which of two poplar dag —Lipor or Pac helps ler “hd choles 
tea mere? Rearcher designed an experiment alle the PROVE.TT Sty, 
‘find ont They tne shoot 400 people with srt dee a subject These 
indies wet tandomlyasgned leone of ott ope Lipo 
Fenackol Ai the end of esc archon compare he proportion of 
{ecb ach sop who ied had seat tack. o red her sro cone- 

ns win wo years For ue ing rnc. the proprio a0 283 or 
Teng Lptor twas 02212 Cad ch frre have ceed purely 
by the chance tole the random sigmen hi question st com 
futigo roperion. 

"Whe ste more cllege—men or women? Reacher sed sepsatan- 
dom saps 0 maa 30 femal tage revert how may mate 
they ted on a tpl weeknight The females ere studying a average 
10317 mies ale seage wan 117 17 rte How ages ference 
theconespondngpoplaion means woul we eine? Ts quem abt 
comparing tv meine 

“Comping wo proportions of meat don random sain o ream 
ted experiment onto te ot common tao encour ail 
Pracice. inthe PROVES caperiment the gl of ference to determine 
Ihether the ements (Lipid Panache! cud te obeyed ference 
the proportion of sujact who expernce tvs comequence he IW 
{pou orth college djing uy the gal ofrecer dry a conch 
on'abo! the acts! mean shy fms ll women and all men atthe 
ttre 

"The loving Acti hex you ate of wha i bead in thi chapter 


© ACTIVITY Is yawning contagious? 


MATERIALS: Deck of cans fr each tam of the to four students 


In Chap 4, we emi dt erm an empiri 5 sj on 
thet sho Ain Ua esd ution Hts cp 
a mbt ea plced es tt fro eended psd fie sd mone 
byl cone a tc  gsymeo he 
lpia at reget ord i te pts rca bre 
lebing foe tu The inning Gbps we Gren yor ea What 


‘Rappeied? The table below sows the rests” 
Your Saea? 

‘sunjectvomec? Yes fe Total 

= eo u 
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udm Savage and Jamie Hyneman, the coboss of MythBusters, ued hese data 
te conelade that yawning contagious In thi Acti, your la wil investigate 
‘whether the rel ofthe execment were realy statically signin. Let see 
‘what would happen jst by chance if we andomly reign the 50 people i this 
“xperment tothe to groups (awn sed and no ya seed) many ine, asm 
Ing the teatmen weived dan fet Wheto oto ern yn 

1. We need 50 cad fromthe deck to reps! the eign sujet In the 
-Mhtater experiment, 14 people yawned and 30 dn. case we'te 
ahuming thatthe weabnentrecened wont change whehet each subject 40, 
‘wee canst represent prople who yawn aid cards represent those 
‘Who dont, Remove the ace af pcs and ace of clubs from the 

Nn: Al he aks, qucens, iy and aces (16 ~ 2 removed aces = H) 
«Dit yawn: Al cad with denominations 2 rough 10 (9 denominations» 
suis =55) 

5, Silla dew pie of ars—one wth 1 cat and awh 3 ca 
‘The fist pe represent the no yarn lerresels 
‘yon ed gop The tg cet apne sane 
dip enor ye miner Neel a pers poi 
Cea ins nthe eo 

by {the proportions two groups 
(yawn sce ~no yawn aed Pr expt, yon ge 9 yawnet the yn sed 
‘pup ad 5 yawner in the no yawn ced soup, the renting diference n 
rope 


bia foal 


-snezne dirence woul neath al propa of prope the 
Jorn poop yond tng th egret ane oye ed 


Pup 
{Rat se 2 andr mor ines al ou have eal ol, 
Tce your na abe i 


ember we ‘womber wna Bienen proportions 
yaenedin yen yewnedin no youn (yawn seed no Yawn 
‘wis “teed group ‘oe rou —) 


His 
(6 Based on the cl’ simalation results, how surprising would it eto get 
{esl ths age or Leger smply dic tothe chance solved in the random 
‘anignment? isthe esl statistically sgiieant™ 

TT What conclision would you draw about whether yawning is contagion? 


Esplin 
5. Bad on your concson in Skp7, could you have made a Type Ler oF 
‘Typet emer Down hss clam 
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5 In Section 10. 

¢ you'll lean about: 

42 Te sampling ssebon 
ofa ifeence beowear 
‘wo proparions 

2 Condene intra far 

face 

5 Sigiteance ests for 
nF 

5 Tnfrence for 
experiments 


Comparing Two Proportions 

Suppose we want campaethe roprion of nds wi aetna 
xian option Tan open 2 Les eal ts psn es 
Pandy The dea neg ta sara random tape fo pope 
Chan dt compare het roptns fan i atcha 
Wat we vant cmon te ene 0 eae tan Test 
ins comply eed expen? Ths ie th poe ph 
that oe tan compar ae te tue proprio o mcafee 
techie! Wei ic pretense ee etme eUp, 
Frand jt le te eotaton, Heche at smmsive thee 


Population otstment ——parameier—=tatitic—~=CSampl wee 
' a fy % 
2 ® be fn 

‘We compare the populations ot treatments by dain inference about the der 


cence py ~ pz between the pararicters The stati that estimate ths dierence i 
the ence bee th top operons, To ef ~ bt 
inference, we rant Low is smpling databuton 


The Sampling Distribution of a 


Difference between Two Proportions 


To explore the sampling dtibuton off — fi tata with to populations 
thing 3 now proportion of suceeaen. Supp tat there ate two Le high 
school, ach wih ver 200 sade, cet town. At School, 70% of 
cents di tee homework Int night. Only 57 of te 
stdenls t School? id thet homework lt right The 
‘oumelor at School I takes SKS of 100 tudenb nd 
record the proportion that di the homework. See 
 couiclrtkes 39 SAS of 200 sik eos 
ihe proportn fat di the homework. What ca we 
say ‘about the ierence fh fy in the sample 


Proportion 
"We sed Fathom softare fo tak an SRS of) = 100 
sted rom School Ia spatate SRS a; = 200 
Stents frm School 2 aed to plot the vals ol 
Jaf ~ pelom each sample, Our fit at of ted 
Spl give fy 068 and fs ~ 0505, 40 dots were 
Paced above cachof th asin Fie 013) and). 
"Te diernce inthe sample proportions i fy — fs — 
(005 — 0505 = 0175.4 dot forthe appa ss Fg 10.) The ther 
opts Figce 10.1 show the reals of repeating 
“Those are the approximate sampling tations 


(o teprtmate sng 


en 


Rape samen ea 
emer y= A)=8 oe == Ca = 88 


rt 05RD so || oa = EA see || tt op tom 


‘FGURE 101 Sense ampig derton o)he sarphe pain yo conn in 
100 FS say = 10 bom a ppon we p= 070, sar poor al 
succaen 100 SAS = 200 oma ppt wth = O50, an cree 
Imaal poparra ~ Prax l 100 peti 


tn choper7, wes tha the sping dtton ofp rope hn 
the loving prope 

«Shape Apponnatey Noma ap > 10nd n( —p)> 10 

+ cette =P 

[2222 te peo mere 10% of the popstion 


For the sling datributons of and yin this ase 


Sampting stnbution of py |Sampang aatriouton of jy 
pe smart - 7-70 Aang 28019 - 
Tonent ates Sovent 9) Sam we 
cate m-nmen mot 
soe 9 D-P-coee 2A 


conten Stn asap el 1S coon en ha apepaion o 
ow 1409 — ot a 1 — 0 


“The dotplots in Figures 10.(a) and (b) show these results, 

What about the sampling disibution of py — fp? Figre 10.1) shows that it 
hasan approximately Normal shape, i centered at 0.2, and hay standard devi 
tion 0.058. The sape makes see because we ate combining two independent 
‘Nonna random yatibles, and r- Hew about the center? The rue proprtion 
of students who did Lt nights homework at Scho! 1 isfy = 0.70 and at School 2 
fs ps — 0.50. We expect the ference fx — to center on the acal difference 
in the population propecions, ps — pe 0.70 — 0.50 = 0.20. The spread, hw- 
‘ever, ia bit more complicated. 
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‘How can we fin formulas for the mean and standard deviation of the 
sampling distribution of f, — Bath and fare random varcles. That 
5 ti alld sep SS of sm Tea 8 
Be irene ofthe wo sco abl In Chap weld ha 
yt independent random vara Xan, 


° pers ee— pr and okey 
For the random ariales and we have 


tm 


Ph = Hh Be = BP 


For the school homework: survey, 


n= PBs BBL. P7BH SBS ons 
"confi thee om fe ah sito 


Hew ae the fat we need, 


‘+ spread ‘The standard deviaon ofthe sampling dstibution off ~ fis 


Bp) 
™ % 
ss long 2s each sample i mo more than 10% of is population (the 10% 


‘ondtion), 


Figure 102 displays the sampling diibation of f, — je 


Section 1 


Compazing Two Proportions 607 


“The formula forthe standard dvistion ofthe sampling 
<dsribution imelves the unknown parameter pr and 
Just aim Chapler § and 9, we mat replace these by ea 
‘mats todo inference. And jut as before, we do this a it 
deren for confidence intervals and for tests We'l get 
te inference showy. For now, we can use what we now 
about the sampling ditibution of fj — ja to compute 
‘robabiites 2s the following example ita 


sa CVG Who Does More Homework? 


Finding probabilities with the sampling distribution 
‘pose tht there a two age ih school cach wth ot than 2000 sent, 
in rota ten Schon often eve a gh 
‘Only 50% ofthe sade at School 2d th baer at ight The ean 
Selon Scoot I akan SRS o 100 stants an veces the proportion that 
‘uhemmewor. Schaal cover aes SRS of200 sens ad ean 

that brnewor. Schoo! 1 cox anid Sho! 2s color 
Ince dnc the els ofthe bomewor surveys Aker he meg hy bth 
‘port othe pnp at — = 0.10. 


rope 

Fi (a) Desc te stag, cert. adpea the sayin deeb 
| | teehee 

(0) Fathepotanyot etn diene sample proprio 


f.— fs tO Dorms to tet soy Sonar. 
(cBes the tipart() gewsaser tems 
poten! 

sao 

(a Semen =1000.7)=70.n(1—p)= 10903) =80, 


SNC inion ora SI 
Tain wneasoeeapemmmmam Petsmart 
peasemeacl hp krtetermctarneMe seminar 

meaeth 


-GURE 102 (The 


‘6 F< ~1 72) wich pst an anu rer 
Pc 172, ch aR 


(CHECK YOUR UNDERSTANDING 
tat ig fe bg of deed ld eae a cl Sh loth a 
[oedema snd Kars as mts Hah ay cota sen $00 
center, Ugo operon, our tober skew on SRS of 0 rakes mfg anda 
‘Spunte SRS ach om Rag? Lat fab the cece in the ep po 
pot et eal eakom, 

1. What the shape sping drbation oy — 9 Win? 

2 Pind he ums ardaed too te png techie your wk. 
1 Find hc poly da fj ~ ln than real to ~012. Show your wt, 


Confidence Intervals for p; — p2 

en dats cere frm two ra snp o wo up in a adnized exe 
Lica (ae Ranken coco fe ate ff bes acer ce 
ofp We can eo rar frmel cakes confidence nea or 
Pi Pe 


statistic + (critical value) standard deviation of satis) 


het hen ein he ed i of ee 
~he 


‘Because we dont know the values ofthe parameter and pz, we place them 
fn the standard deviation formula withthe sample proportions. The teu ithe 


Standaed error 
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standard error (ako called the extimated standard deviation) of the statistic 
Ab 


0-8), RO) 


the Normal condition 
dence level rom the tarda 
is therefore 


4, we find the critical value <* fr the given anf 
cma curve. Ou eonidence interval for py — 


static + erties value - (standard deviation of statistic) 


This i oflen called 4 twosampl 
proportions 


‘When the Rando, Nom, and dependent codons 
fase peep torre tay apysy eye tos salted 


th-pav USB BBD 
waz <r h ciew  h tdrdNowa ar ith se 
Seeair 
7 Rae eA wx fess Wa in sie ou fe 
Pn fender agentes Polen Py 
Pose ng hn ste pb 
gree eee ce ety oe 
poup—mpym(1— fafa sell — fi) ate al at eat 10. 
Rese ke cea gee roel cad 
eieeyiee nee ety late 
Spice at eu ac er pcan soe let 
Sic comtanie ening Beem 


"he flaming example shows hat construct and inerpret confidence inter 
val for a dflernce sm proportions As stl with snference problems, we follow 
the fourstep process: 


Teens and Adults on Social Networking Sites. 
Confidence interval for p: — Pr 

| Asp ofthe Pew Interne ae American Life Project, exearchers 

|) conucted two sures inte 2009 The fin survey asked a ra- 

doo sample of $00 U5. wens about the we of social mea aud 

the Trgcmet second saney posed smut question fo a anda 


5610 CHAPTER 10 coMPARIVG Two POPULATIONS oR GROUPS 


47% of adults sid that they me socal neteoking sits, Use these result con- 
struc and ikerpet 98% confidence slenal forthe diference between the pro- 
potion of ll US. tens and adals who we soisl-nctworking sites. 


PUA We shod uses tw simpli lp — pi eens ae said 
+ nde Theda cone fom srandon spl 200 US tesaadaseparsetandon sample ot 


225505 aaa 
Namal We cece cos acae dans 
njp=000]079)=208 (1 r)=2001-073)=216 


e=B25H047)= 05081-21050 (1—f) 2251-047 = 110409118 
otha cosh heen Bes alow ts aes 10, eho 
tater 

pent cry een saps es dental ded 
‘apse oer tnh dpci nadere aagig tat 

‘icone occ 1a weet 100) 800 ad 
AMleast 102253) = 2259005. ads 

0, Wate = 800, y= 075 y= 2253 adj 47 ar 95 code 
‘haha? —196 So B5R coder teary pe 


tonite [HEA BOER aroun sin E71, SOE) 
~osss007 
Tiozs.oam 


CONCLUDE Weare 95 contr ta tea hom 0.229 200297 captres the tue 
aerec nth proportion of 8 tes and abt ho aca turing ts, THe 
eanal spss tv ov eesha eee Utd ttn eg ac each hy 


etme 223 and29 7 prety poet 
( Von 


“The researchers fs the previous erample selected scpatate random samples 
fom the to populations they wanted to compare In practice, fs common 10 
take one random sample that includes sndideals fom both populations of 
inter and then to separate the choxen indvidvals int to group. The to 
simple = procedtes for comparing proportion ae il val in such nations, 
provided tht the two groups can be siewed at independent samples from 
theit respective populations of interest. This fs an impontant fc about these 
method 

"Your can se technology to perform the calculations inthe Do" te, Remember 
that this comes with potential benefis and rd onthe AP exam, 
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TECHNOLOGY CORNER Confidence interval fora 

difference in proportions 

“The TES¥/4 and TS9 can he wed to construct 3 canfidence intel for 
50 teens 


misyst m9 
res (EZ then choose TESTS Inthe Statistcs/List Kltor, 
S andancz-rrepzine. pres EE (77) and cove 
Sor-rroptint. 


“When the Prop seen appean, enter the yalies shown. 


| ‘CHECK YOUR UNDERSTANDING. 

‘Ae tec i adlls oe iy te po line day? The Pew Interne and Ameria ie 
oj aed rede ple of 60 tor ada cpr arn ape of 1253 alla 
ow af they me the Ferme. In thee tro saree, 68% of te and 68% of al 

st ey po cls every dg. Corre ip SO cies lateral fr 


Pope 


Significance Tests for p; — p2 


An observed diference bebeeen te simple proportions can reflect an actual di 
ference in the parameter, or it may jut be duc to chance variation in random 
sampling or random asignment. Signicance tes help ue decide which explana: 
tion makes more sense. The ml Iypothess har the genet fr 


Hep. — p: =bypotbesied value 
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Pooled (or combined 
‘sample propertion 


{Well rarct ourselves to situations in which the hypothesized difference is 0 
‘Then the mull hnpothess yx that there it no diference between the 0 
parameters 

Hep: — p=, atematnely, Hep =p 
“The akerntine hypthesis sys what kindof dference we expect. 


Hungry Children 


here = thee operon tsar teh who dnt ex eta and p= the ue 
[Poprton stars Shel wh nt a reas. 


For Practice Ty Exec 15 


I the Random, Normal, and tndependent conditions are mt, we can proce 
with calculations To do test, standanze fy — po got = sai 
stn — parameter 
tetsiinte = SSdard devon of walabe 
~f,)-0 
SGiidand dovaton of ae 
If Ftc) = pss tue, the two parameters ate the same. We call their common 
‘ale p Bul now we ace 3 fo eximat p30 makes sense fo combine the 
‘Lata fom the two samples Ths pooled or combined sample proportion is 
jj, — sumtofnuccess in both sample combined _%+X; 
~ mumntofedeah noth ampkscombnad ~ 0, +n, 


Recall thatthe standard deviation off, — ais 


o, . - oe), Red 
Tate f = 
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Use jim place of bth p and pin this expression forthe denominator ofthe est 


‘Since the Normal condition is met, this wil yell = static tht has approx- 
‘mately the standard Normal dstibuion when Hs te, Here ae the detlls for 
the two-sample = test forthe diference between two proportions 


Conair: Use this test when 
‘Random The data are priced by tandem sample of ie fom Pop: 
[ation t and andor simple of sm fom Zor by two groups 
of size mand ns ina randomized experiment. af 


‘Normal The counts of “weceser” and “ile in each sample or 
sroup—m fh, 1 — fy) mp, andn,(t— f)—are all at least 10. 

* Independent oh the spe toupee a he da 
‘bsenatons ‘ot group ate independent. When samp 
Sthut eplacement, check at he vo popula eat 1 in 
{linge asthe comesponding amples he 10% como. 


[Note woul al be correct to check the Normal condition using the pooled 
combined) sample proportion - Just confirm that mf. m(0— Be), 
‘fs atl (li, ate all atleast 10, Some might argue tha this approach 
‘more correct becate ifs cosistent with the asumption that py — Ps — Oi 
{rue. Botte actual counts of succenes and failures inthe two samples ae all at 
leas 10, the expected counts of succeses and failures computed using wil be, 
fie < be Well sick with the ease (and more conser 
tie) method described in the smenary bor. 
‘Naw we can finish the et we tarted ati. 
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Hungry Children fe 
Significance test for p: — ps 

‘Researchers designed 3 suey to conpare the proportions of cidren who come 
twschool without esting beak nto e-anconne elementary scons An SRS 
Xs nee Scot oe ht 9 a een bent Sh 3 
Sn SRS of 150 stents coded 26 who had not had bea. Moe tha 1500 
Sides attend cach school. Do these data give convincing evidence fa difer- 
nce inthe population proportions? Cay oat sguieance test al the 
level to suport your answer 


STATE: Ortypetesesre 


Nep-p=0 
ip—p2d 

ee, —the ue proportion of stars at ehh ot xt east. tp, =the te 

eprint stars Schl? mo at beast 

PU eatin ret. sheal pro tw samples pp 

+ do The stare rade ig ae Sladen sais BO stent em 

Sea and 150 stants om hos? 

1 Nomad We chee he cont "acetals 


np = 19, m(1— d= GL mp = 26, melt — ja) 124 
suds rain eaten 
Sipe wearer ae 

at bern eerie a 

$0 me check the 10% condition there ae st east 10(00) = BOO students st 

Shetrelacan(eo}= oder 
00, Winn = 8p }2=0287.n= = 8-70. peed 
ppriedectands\ ariel 


1 Pe Fg 104 dps th Pauses rte 
“sadder caer tht aed tt Taleo 
‘rma thedneed Foie 2M> 117) — 
(eee) | 211 —08790)=02420. 


/ROURE 104 The Pasa rete ie at 
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CONCLUDE: Sic cr ne, 02420, igre ta te chosen sce lel of =0.05, 
stator Maris et scent erence hat he Proprio sides at 
‘Bete sek ade et east a aire 


( Web 


Eta doni e lh aeelshen a e 

MU toe Witch sgh bay ping el es fy 

‘n “adn whee walypahes see we that eno ere ea 

sor! tos sbat i dient e petion 

Schott Sched? ths eidnce eal Toe T13, 

or he 5 concede (007, 18) 
(EER ET at Rope copnaen ta stores a 


Reames pole et 


our“ HP concieson 


{EE BEB, eral pau ales frp ~ 


the example Because Oi eluded 


Inference for Experiments 


‘Mant ofthe exarpes in ths cape have ined dat that were provid by ra 
dom sampling However, many portant ttt rls come hm awed 
comparative experiments Here se sch example that compares wo proportions, 


Cholesterol and Heart Attacks i 
Significance test in an experiment hy. 


3 56 men in 


the peep pealheat atc 
the apparent statistically 

appropriate test fo find out. 

STATE, Nehopeto show at entrees ar aac, semua 
stent 


Mer—R=0 scape, EPP 


Hp—nco WAR 
whe thar aaa fr mid me thoes sty who 
‘Ske gentbec ap teacher atakrrelr mde aad mere uesia 
‘i sady a thee apache Negras spect sowtse = 0.01 
i 
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Newt eto 
cua Pei ae 
spore ee oer 
Siow mazorabon are 
Spenco 


* Nal heme faces lear Each! flrs thee groups ee 56,1595, 
(baud 1946 These arate 10 the oral condone 

"bape Dues heron aime, het ops of men canbe ewe as 
(edepeae: asses cach rsd as dees ning eee 
‘jets seat ac pst norm bat heh eit de. 

(00 Tarpon men ad earch inch rapa 


f= gBgy— 0087S (gener ad f= a5 = 0.0414 (paced gp) 


FGURE 105 The Pat br 
ecnesicstot 


CONCLUDE: Sethe Pt 0.06 es than, heres sty scant 
{theca = 00" lel Neca Aad ccd at Secon ene ow ha 
stackable esata gente an eho whoa on pc 

For Practice ‘hy Exewise 21 


“The random asigument in the Helsinki Heat Sty allowed researchers to 
raw a catseai-flectconclsion. They could say that gemfibrorledaced the 
‘ate of heat altacks fo alle aged men ike the who tok pat the exper 
‘ment. Because the subjects ware not randomly selected from a anger population, 
‘oearchen could not generalize the fds of is tidy a rer No conch 
sons could be drawn about the eflctnvenes of gemfard a preventing heat, 
attacks forall middleaged men, fr ckder men r for women. 
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How much more effective is gemiberl than a placebo at reducing the risk of 
heat sttscl? In the experiment, 41% ofthe men inthe placebo group but only 
27% af the men who tok the drug had heat attacks. 95% confidence interval 
forthe actaal ierence inthe parameter 


(oonrs —ao2rs + 196 omtaasee) . omrang7=7) 


‘Based on the resus ofthis study, we ar 95% confident that pemiborl reduces 
heat asc rk by 3 to 25 percentage points more than placebo in mide: 
aged men like those in the Helunk Heat Study 


‘Wy do the inference methods for random samples work for randomized 
experiments? Confidence inlenals and tes for pt pare bse on the 

Sampling diibton ef fy — But in experiments, we ate sapling at 

Tan fom ay Lge poplahons We cn dunk about what woul happen 

ithe random augment nee eepesed any tes une he aun al 

Hsp. ~ pr 0's tue. That, we anune thal the specie Heament reed 

© docs affect an individual subjects response 

Let ee wha woul happen at by chance we randomly resi the 408 

sac th it eat Sa ho op may i nung 

thedng received dea fet whether or teach inddual haya het attack 

‘We ined Fathom oeae fo edb the random auigvent 1000 ies. The 

undomicstion —approimate randomization dtebution of jy — pho in Figute 10.0.1 
“inition Ratan appreninatly Norma shape wi mean Oand standard deviation 0 058 
“These ate roughly the same a the shape, cen, and spread of the sump, 

it ff me ptr ene 


=, ROR. oon omy, SoH O gga 
7 % 2051 2030 


In the Helin Heart Sty, the difference inthe proportions of subjects who 

had eat attack the pio nd ae op wa 273 OM = 

0.0141. Hw likely ti hala eiflerence this 

Aevreinate ett tion tt — ine ot tages wood lapgen fot by chee 
when Hy i fue? Figure 106 provides rough 

mer 5 of the 1000 random reasignments 
yielded dirence in propetions les than 
‘gal to -00141. That, our estima ofthe 
Pale is 0.005. This clone othe 0.0068 
Pale that we inthe previous 


(00020, 00253) 


Figure 10:7 shows the valu of the = tes statis 
tie fr each ofthe 1000 e-zandomizations aleu- 
[ote wg ala formal 
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Newton 


‘The standard Normal density cune is shown in blue 
‘Wecan sz thatthe tes statistic has approximately the 
standard Normal drat in thi eae. 

Whenever the Random, Normal, and Independent 
conditions are mt, the randomization distribution of 
1 — Bs loks much likes sampling dsinbution. We 
2ze therefore fe wing twosample = procedures for 
‘compan te proportions ° 


Te formals fr the twosample = test and inter 
for py — prof lead to calculation eros by studens, 
‘Av 2 renll, we recommend using the calculators 
TT ATT Serevent and -rroptine ete do the ity 


FIGURE 107 Tho den ob at state rt 1000 


‘andom ransgnes nF 108. 


TECHNOLOGY CORNER Significance test fra difference 
in proportions 


Th Taste on md ta fe coma 
ve porte weds i ct et io 
paces top pen 


Tesy 199 

Pros ZZIN then choose TESTS In the Statisti/List Flor, 

and e:3-ropztese. res DET (6) and choose 
‘Ss2-Proprteat. 


1 When the 2 Propet screen appean, enter the values x1 = 50, m) = 2051, 
4s: 54, m= 2080 Specify the allernaive hypothesis <p, asshown. 


[2-ProeZTest 


ELIEGE AP ors 


2 yousclect“Caleulate" and press EER you ae to that the «stale is = 
= —247 and the Praline 0.0068, top ight. These results agree wth those 
fiom the previous example. Do you see the combined proportion of heat at 
tack? 
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(CHECK YOUR UNDERSTANDING 
the Lng rte ler of pron programe fr poor chen, recarchen 
palin ietiear FR cldeen clara ve siended pce rn 


SSSR o nace aan 
‘berteerarttertetstate tt 
SSeSritgeatamamt aes 
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Summary 


“+ Choose independent SRS of size m rom Popoation 1 with proportion of 
success p and of zen; for Population 2 with proportion of sucess 
‘be The sampling disibuton of fp, has the fllowing properties 
‘+ Shape Approimately Normal ifthe samples are lrge enough that 

‘mpi, ~ pa map, ad mz (1 ~ areal at leat 10. 
© Genter The mean si — pe 
‘Spread As long seach ssmple no more than 10% of its population 


(the 10% conto the anand eins JAE, 


“+ Confidace itera 2nd es to compare the prpertions pnd prof 
succes wo opel or ean a bdo he ace 
Jp fs between the ample proportions, 
‘+ When the Random, Nora and dependent conditions te et, we ean 
tse twosample: poredises esate ad tes clan abou, ~ 
+ Randow The data ate pce by fandom sample of ize m fom 
Teton sad secon pl ot en option fey 
two groups of size mand na randomized exer 

‘Normal ‘The counts of scenes an re” in each sample or 
spoup— nm — ists and mt — eae alate 10 


‘+ Anapproximate level C confidence interval for pi — pit 


hfe ACB), BoB) 


™ % 


where <* the standard Normal enticl value This scaled a two-sample 
ineral fox — Po 

“+ Significance teste of Hp: po =0 we the pooled (combined) sample 
Proportion 


je = eobnecene both emmple combined _ XX; 
‘count oftdiciak m both samp combired ~ 14%, 


“The two-sample zest frp — ses theft statistic 
f—p)-0 


‘+ Inference about the dierence p— 
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in the effctvenes of two treatments 


sn completely randomized experiment is based on the randomization 


= Pea 


"When the Random, Normal and Independent 


‘conditions ae met, tr sual inference procedure hsed on the sampling, 


‘desbaton of fe — 


wl be approximately correct 


Exercises 
fee aimed 


1 Tigota or Nia ve Toyota Nise ens 
snore sated with oe yeh? Veter 9 ath 
tind oot Welles ror mp of 0 
Ties cremate sepente rmdern ope o 00 


Ane finer petent ne 
ses Wel pay lon el 
Fav your (aetna che? 


(a) le pen about orp mea ot 
‘rnp pope? Exp 

(b) What pe of td vn bing 
prnlce dae? 


2 ngs hiking Wi me Ml tings din — 
tea ee elope? The Hand Shoat 
‘dbs fat arp onion engin fete 
ted nal dened eer elegad 
tahentie shea lather ey ecg 


aga dehing, ‘an 
Pa 


(a) beth a problem aboot corse mean ce 
etpacay pete Expo 

(b) What pe of tnd sign bing med 
oohes a? 


5 Capes pg Decapiciel pir 
pen plier cam bpher ons wie he pl 
Somedne pcr shee them anor wien hey Pay 


(4) bina poke bt comparing enn 
‘comparing popotons? Fup 

(b) What yp of dy dei ng ed to 
precede? 

(Cre cand and incentive A bank wat on 
‘whch ftw sncntive plane wl na teres te 
{oft cro eat Welles eich ncntve 
(pov a earn red card rome. ete 
‘on and compare he amount charged dag 
(i fllwing toh 

(a) Ii olen about computing mean ot 
‘epeingpopitond 

(0) What ip of dy dei i ing ed 
precede? 

ant eA cay er ffs Child ad Ad 
[apet ely beara thre! color mines The 
company ca tht the Chi an 30 ell 
aE Sethe Adat i contain 15% rly 
‘Beare Arume ha he andy rer cla 
‘Seppe we rae eer of Sly bere 
pupal trpeer eh napalt mages 
1100 jel beans Bown the Alt 

|) Find he probly thatthe proportion fe 
Pane eres fan rrmpery 
{Be pope oe jelly Hem nthe Adal ple 
Show jour ne 
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(b) Seppo th he Cid and Alt plese 
atm am al roperton of ely bane Bee 
{sour rutin prt a woud th re oncom 
Aout the copra? Fpl 

itercy Arecarhes ports hat 8 fg school 
palates bt nly 4% th school ope 


jobs engl Oe ta 
‘fr Meee tafe bing de rea tat 
‘Shattine ccks ale "cecing” Ani 6 newly 
(ake cake or mcrae and ante 5 

intel on that wnt macromned. Aer one da, 


Soros 
eer 
rites tres re a 
TS penton 

fete eect aa a 

\ ee ee 
Osean 

: nn ee een een garhclae Nae mc ate 
salepelamire istrict ee soc Dasid they wed IM more often than email, In the 


at opera ec Spree 
(pcr lc ee or pee 
orp pth th bey 
U0 Bed ore pt wold a ge 
pipe arvfripaar er 
pany hom or ing sa 
irae prow nm te 
ing Weer ght 


7 Dot dink the mate ‘The move A Cnt Action 
[Totton Pte, 1958) ele sty of 
‘aera baled tok pare the sal wn 
Uf Wobum, Mlawachinets bet nat pied 
setae Nam ones ined 
by bial cherene Dorig te 
‘ts ca water rh wel Ved de 1 an 
ior ha bits defeat On the went sie of Woburn, 
$e 28 bbe er ding he em be 
hal bth dee, 3 = 


{nti sates Ast fino nine sans 
‘te data fom the Nabe Flector fury Se 
‘ella Sem, which elle dats om tom, 
‘anil of hp pet The maces 
Intricwed 1 penple ho rt. 

roo ethno tote an ro 
‘es rel fates} wee te mento The 
letersi 53 poop wae eng it 
pared Gol hee had wet inj OF 108 
‘sh lot wear at rd 48 hd wil ete 
‘Stabe Pi exo hte in 
{ry clnates Some tr an rape fom He 
tour spe re dsp Oe dy of 

open tok place bay weno Minna The 
[nesta sy epee cto bested 
snd contol groupe They clipped the tp fa 

the She Ey thes pi pene lb 

[etary dretaurenlinsesirring 

fire All ef the sab nthe trated pepe 

‘pred Only the 1 rb arco 
pow 


Bae Wor 
ste tha oa Ctra 


‘rad 13 people wed IM ne 
et 


67rd 
‘if ads and 
Tarlac pray 
(Comarca tee 9 conden ea 
thence ltr Se proprio ac ad 
She oun pies np dn 
5 Yung ada in ot be Aspen nant of 
Joon age te yal nem tt prs 
TE Remain emp by oe Nae eo 
Me ade 29 em i 
Te mney bd ha 8b fe men 
UTS thihe women ed wt paren 
12 Comat and tet 7 ender ne 
‘chet diem ppt prone 
(8) Dos your nel en ut ge ei 


siden fs dike haces he poplin 
perede mreny 
1. Bet ie The ety ea ene ae hat 


sommes pple. ren thos they at fem Hd 
Ta lesa ely ered eparie 
‘adem mp of 56 lack wren and GF Hack 
‘mem ore the are o 6S fer Mant Ci New 
sey Of he women, 27 si they et erable” 
erm, #6 ef te me an! 

(a) Contrsct and interpret a 0% confidence inter. 
(Slee dicrence i polation propertions mem 
(b) Dec your itera rm pt) econ 
ecole a es bah Beggs 
ee ee 


15. Whe ow Peck? Apr of te Pe Inked ned 

eer ik Pj een repens 
Sagi ce pel epee cher gle 

a6 S00 young adi Forte ler "9 mid at ey 
‘pe un fad or MPS planes For the our adsl 


i Serie in highschool sty by ac National 
[Acti Tainen Imeiabon sey endo 
sample of 1679 highschool edmen and 15 
igh choo eon ina: Renlr chewed at 
“Wothe fener 2 ofthe seniors ka ed 
able deo Seri, which ae dann 


Sommcimes wed prone ulti prance 
inte tin pelepape, 
‘on proportions Stale appropri bypother for 


Sigeanc at anew orn, Deine ay 
puncte yu tne 
17 Who ne Pad Raker cee 5 
is) Cay it asigcane ot ot = 0.05 lw 
(0) Gomi dnp 2955 enn 
trey ert ieee ere he popdston 
penton Ex ho he confer ae 
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In Section 10.2, 
you'll lean about: 
‘The sampling drbson 
ofa difeence bowen 
+The to-smple atic 
‘+ Conienc inter for 
+ Siucance tests for 
+ Using twosampe¢ 
Procedures wisely 


Comparing Two Means 


In the previous section, we devlopod methods for comparing two proportions 
What we want tm compare the mean of some quantitative variable forthe ind 
‘idl in Popelation I and Population 2° Our parameter of attest ae the pope 
‘lation meat and ps Once agin the bet approach st take spate random 
samples fom each popolaton and to compare the sample mets and 1 
Seppose we want lo compare the average effcevenest of fwo treatments in & 
‘completely randomized experiment tn this cas, the parameters and ae the 
te mean resporse fr Treatment 1 and Treatnend 2, respectively, We use the 
‘mean response im the two groups, Zand, Wo make the comparison, Heres 3 
table that summaries thee wo tions: 


Population orteatnent —Parameler—‘Salisio~—Sampe slew 
' ” % " 
2 5 % a 


We compe the populations ot treabments by doing inference about the der 
nce px ~ between the parame, The state tt etimats ths dferene 
isthe dfetence between the two sample mah, 7, 

ence, we rust know its sampling distibtion. Here 
preview of what es shea 


$ ACTIVITY Does polyester decay? 


© maremats: 1 


smal places of card tock or nde carts) pr palo eudents 


How quickly do synthetic bis nach a8 poet decay sn lanl? A researcher 
buried polyester spn the sel for dierent lengths of time, then dup the 
sep and meauted the force rogired to break them. Breaking strength ea) 
to mean and ia good inccaor of decay. Lawer tenth meat the fai hak 
decayed. 

The researcher buried 10 strip of poet fabric in welledeained si in the 
summer. The stip were randomly signed fo two groups: of them were but 
fed foe 2 weeks ad the oer 5 were bated fr 16 week. Here are the breaking, 
strength in pound 


Group 1 @weels- 118 6120 


Group 2 (16 weeks}: 1 no 40 


Do the dats give gpod evidence that polyester decays more in 16 weeks than in 
Dweek? 
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1. The Fathom doiplot dsplys the data fom the experiment. Discuss what this 
raph shows with your clasts. 


the mean was = : 
For Group 1, erating sent at = 123.8 pou Fo Crp 2 
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The Sampling Distribution of a 
Difference between Two Means 


‘ple he sping dition 5, —T  ta wi wo Neral 
Esatted ppt gba eu teed non, Bl 
‘trait foie US Sto Hea sn Nero Exc Sey 
(Bait he gio ena pe + Nea atten 
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We med Fathom sofware to take an SRS of 12 
tenyearold gis and tenearold boys and to 
pt the vals of, Zand %;~ foreach sam 
ple. Our fnt set of simalted samples gave, 
50.09 inches and x, — 54.68 inches, sa dls were 
placed above each ofthose alsin Figure 10a) 
nd (by, The diference in the sample means it 
3 — 5, — $009 — 5468 141 inches Ado for 
this value appears ia Figure 10.8), The three 
lofpots in Figure 108 shaw the results of repeat 
{ng this proces 1000 tes. These ae the appro 
‘mate sampling dstibutions of, fq and fy —Zq 
1. Chaper 7, wesaw thatthe sampling distin 
yap mean «has the followin proper 
* Shape (1) I the population dsbution is Norma, then so the sampling 
<stebution of 2) the popalation dttution it Norm, the sping 
‘stbuton of willbe approximately Normal the sample size i large enough 
ay, n> 30) bythe central lima there (CLT). 


* Center p= 
* Spread 0, =i 
the 10% condom 
topmeme singing arnten ss Ayman sen ain el 


sample sno more than 10% ofthe population 


FGURE 108 Sed saning desis 
(alte sone mean agi 000 SAS 
siszem = home ppisn of year 
Sige) he ample mean ha Ty 
{000 SAStat sy = Bom fe poplin 
of 10yesaldbos arf rece in 
Soe man 4 — Ay freach oe 000 
etre 
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For the sampling distributions of and im this ase: 


‘Semping csteution fF, 


arm rete pan cara 


a 
‘esc enero 


tang) ta aera gree 
Onesie 


ii 


“The doles in Figures 105) and (b) confi these results. 

‘What about the sampling dstibution of Fy ~ Tq? Figure 1.8) hav a roughly 
‘Normal shape scented 3 0.7 inches, and has tandard deviation 1.55 inches, 
‘The thape makes seme because we are combing wo independent Normal 
‘random variables, and How about the center? The actual mean height of 
tengearold gil y= 86.4 ches. For ten-year-old boy, the ach mean Height 
1s j= 557 tnchex We'd expect the difference Z, ~ 7, to center on the acl 
dierence inthe popuistion means, y ~ jx = S04 "88.7 = 0.7 Inches. The 
spread however, ta bt mote complicated 


How can we find formulas for the mean and standard deviation of the 
sampling dstribution of ¥, — 27 Both Zand ¥; are random variables, "hal 
i thee values would yay in repeated SRSs of ize m and The ata ~T; 
Is the dlference of these to random vatsbl. tn Chap 6, we leaned tha fot 
any two independent random variables Xand 


o Mar=pe— hr ad oy = oh + 
For the nom vate and, have 


FGURE 109 Select pen 
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‘oer f— is Noma, 
The amp atten wk 

prima Nol 
‘ther case fh spl a 
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‘Choose an SRS of stem; fom Fopalation 1 with mean 4, and standard 
‘evan 0, and an independent SRS of zen om Fopaltion 2 with ean 
iad andad devon 

‘Shape When the population dstibutions are Norma, the sampling dis 
‘won of 7, — Kis Normal. other eases, the sampling mot 
1 —Te wl be apprnimatly Normal the sample sas ae lane enongh 
(> Sand m3, 

= Center ‘The mean of the sampling dtitin bjs — yo, Thal the 
diference im smple means tan unbiased estimate ofthe dence 
Population meas 

Spread The sands! deviation ofthe sampling diibuton of x, — 


fet. 


2 long 2 each sample is ne more than 10% oft population (the 108 
condition 


gare 10.9 splays the sampling dtrbution of, — x, 

The frmia for the staudard deviation ofthe taping 
<lstrbution ivolves the parameters a anda, which are 
‘amally unknown. fst at in Chaplees 8 and 9, we must 
replace these by estimate to do inference. We'l eo con- 
fidence intra aed ayticance tts shorty Hor no, Ke 
cat use what we know about the sampling datebution of 
Ft compute probabil, a the following example 
‘hasten 


Who's Taller at Ten: Bays or Girls? 
Finding probabilities with the sampling distribution 
fed on information fom the US. National Heal and, Nuttin 
ination Sarney (NHANES), the heights of legear lps flo 9 
‘Normal dtbtion with mean y= 584 fches and andard deviation 0, 
"Er tachex The bight of cryear- boy law 2 Nortel dation 
‘ih mest p= 5 hs ad sand devon = 8 hn. A 
Tesearcher esa dom sample of 1 enon a apt an 
Aeon sample henge to fn the Une ts, Aer ayzing the 
(a, the researcher oper tha he mean ight a tebe age than 
the mean height the pe 
mos 
(9) Des esap cnr ndspedeeompngsiot — 
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(0) Fd sheprtaityotgeings rnc samples x heslesthanO Show 
rer 


(e) Dees there par (gmat deb te reszahrsstated ss at 

‘saunok 

(2) Resampig dst ot — Fis Nereal bcs bh 
ements, p=564— 557 =0 Techs mds standard distin 


a 


(0) Fare 10.10) stows te sping stato — Tt te dese prutiy (are) 
‘Sted Td hs potable. wees minds of ugar 
+ Stadie Whe ~1.=0, 


2787008 


+ Use A These tothe eos —045 dere stanand Nema anes 0.3268, 
‘hath oa ese Fr 10.10) shows trea 


TRGURE 1010) The Neral sanging voor ob rece 7, tn mean his 
‘random sal 1 rs nda andom sang ct boys We wart od PT — Fy <0 
(2) he coors prebebly can as be essed as z= 015) whch apse a are 


Wesson nowy underfetandard Noma cae 
tba evened rt 

lm noemaleat (c)Weemean eight te hos gree tan th meant of te its > Tat 
[i on-7 1-88) 6 Je-—Ey< Fat) shows tat these a ane of geting 2 dean sal meas 


maar se got thst st de sampling arity Ths esas le acne dat theese 


ox chain 
Qimren: 


(CHECK YOUR UNDERSTANDING 
‘A Gated seat tc on eine Wing eh tpt if dos, The 
‘machine han ferent sting mal dims and pedi cape Ancor she 
feck tele, tthe Lngrting cies eet ip dpe 
tae lo = Neve deci th mc 17 cance nda va 
{ow 8 ounces When the sein acting hanes, the amount of lig dapersed 
(Slopes Nena desis wth mens [canes watered devon 85 ne To 
sesthe maniacs lam the rasurant manaper ears he smount lid 
‘ere sop of cope Sled a the mechan tinged wpe edo ep 


‘Twosaple estate 


Standard error 


“Twosample static 


The Two-Sample t Statistic 


‘When dats come fom wo random samples orto goups ina anomie expe 
iment he Random cont the sats Tour gues or Be va 
of = po the conltion wre the tandand deviation of he 
‘Sampling datibation off 6 


a 
uth 

the Nirmal maton me we an sade eed ere — 
teers tl tw edad Neral ation 


oe 
nts, 

‘We wed hi pach cue ply chinghgh often erahn 
the previnn comple tv the unk event hat both population stanerd eva 
{eet row twos sts th een kop 
Sappnc thal he poplin saad devon seo 
\We climate hem by the anor det anne spl 
‘The ol the andar emo called he evimated andl drat) 
of h ~ ty 


fie 
fms 


‘When we standardize the estimate, the resus the twosmple {statisti 


pa Re — 
fi 
ns * ap 


“The stati thas the same interpretation 2 any = o ¢ satis: it says bow far 

3 — is frm its mean i standard deviation units. 

"The twosample ¢satisic has approuately 2 dstribution_tt doesnot have 
‘exctly a deibntion even the poplaons are both exactly Normal. In prac- 
‘ice, however, the approsmation i very acearai There are two practical options 
{or wing the two-sample ¢ procedares. The two options are exactly the same 
‘except forthe degre of feed ted fort eicl valves and Peale 
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Option 1 Use the ¢ distribution wth degrees of feedom ese 
Tale fom the data bys somewhat mezy formu. Wal this option, the degrees 
of freedom may not be a whole number. 
(Option 2 (Consereative)- Us thet distribution wth degces of fcedom equal 
tothe smaller of; — 1 and n:— 1. With ths option, the resuling confidence 
Interval has 3 mann of ero a large a rlrgr than needed forthe desired 
confidence level The siguicance test using tis option gves a Pale eu fo 
or greater than the true salve 

As the sample sizes increas, confidence levels and Paalucs frum Option 2 
‘became more accurate 


Confidence Intervals for ju, — p12 


I the Random, Normal, and Independent conditions are met, we can use our 
standard formula to consruct a contidenceineal fo jy ~ ps: 


stati (ical ahead deviation of attic) ~~) fff 


‘We can use ether technology othe conservative spprach with Table Bt ind 
the ental valet fo thee cence level. This method i called two 
sample tena fora diferenee betwee wo teams 


psn rnin re cin frees 
1 ih ee esc Naa ON both polo a ge 
taser a 
‘ nepenent Bath the semplesgops thats snd the india 
‘Setar oan mcs pega 
txt placer, ck ta Te ro fo tt 0 tc 
pe cpt cpl (he TON cn. 


“The following example shows how to contr an nterpet a nfidence ier 
val fora diference mr means As esa with inference problems, we follow the 
foorate proces 
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Big Trees, Small Trees, Short Trees, Tall Trees hk 
Confidence interval for jx — ye 


“The Wade Tact Presene in Georgia tan ol-groth ret of lng 
les pines that has sunived in 3 elatvelyundaurbed state for 
Indies of yea. One question of intrest forester who stay 
the area s“How do the szesololet pine woes nthe nother 
te suther ales ofthe forest compute? T lou, esearch 
fs took random samples of 30 tees fom each alf and meanuted 
the ameter t bea height (DBI) in centimeter Comparane 
oxplots of the data and smmary statis from Minit are 
shown below 
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‘heat teed appar tat eet suthorn to he rst hae rer 
lamer he ase sed mada BM or th ster samp ae ith mc lager ha te ca 
eases fete othe ether sample In adie the bongs show ht mort 
‘han 75 the sethare trees hve danrtrs tht at show te metho amp med, 
‘ers moe rarhy athe deters of hemes lng pes, ea erm he 
agers, an sanded deiatin rhs sample No ters ae rset in ether sample 
(0) STASE. Oe peter titers j= the treme OBH ota trent cota 
tthe frst andi, = the mea DB af a tems inthe rhea ofthe Wena to 
tian te dere — ata 0S conden 
(PU Heanor, costa camper js — 
+ ad The dra came mando samples 50 ees each rom th sree and conta 
anette 
+ Nea Tees ge sess state ppt rations DB 
‘mezsremets nytt fe oval How sce bth samp ses ae ea 
eatpocaires, 
+ bubpdre Racecar tot indeed capes om thnorheman sve hast the 
‘erect Beane sping withoetepacemer nas asd thera teat est 10(30) = 300 
‘reesineach othe hse peey sto aesee, 
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‘inne gg tl the ean amc the tr tie been 38 
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Sse dhe sans pce ut ut hogy op th 
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cates the" tp. Romero bat chy soa wh pal 
fect ison he APE = 


"The calculators 75 confidence interval for ~ ju (3.936, 17.724). The 
Intervals naromer than the one we fond eather (383, 17.8%), Why the afr 
‘ence? We ted the conservative df= 2, bul the calculator wed d= $5.73, With 
‘more degrees of feedom, the eakulaor' cial value is smaller than ou ¢* = 
{Lm which ress 2 smaller mang of err and a narrower ier 


How does technology compute the degrees of freedom for two-sample t 
procedures? The exact dsribution of the two-sample tsaistic nt a tdi 
Inbution. Moreover, the dtribation changes 2s the unknown population stan- 
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Cosas | teen ety ts cis et ta taped ge 
mace p teanliscie tag 2 
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(CHECK YOUR UNDERSTANDING 
“The US Department of Apc (USDA) conducted mney osama the nears 


pice f wheat aly and Sepombr othe nme yar Independent adorn arp 
[Sf wheat pacer wer skcted br atl he fromthe Hee ae sma abc 
rhe pone pce of wheal fe the ected pede sn dlls per bal" 


“a 
on ee uz 
ae 


Comtroat nd ner « FE confines intl Sr He dienes he meen wha 
price uly September 


Significance Tests for p — plz 

-Aabseved irene betwee no sample meats ca reflect a acta lr 
fence th the parameters and ov ay ft he doe eae varabon 
"End pling rn ‘Siaficance tes elp dete wih 
‘splination mas more sie. The al hypothe as the petal ot 


Hep. ~ os bypassed ale 

‘Were fen interested in ntti in whieh the peed dfetence 0.Then 

he el Bypetews ay Bat there dierence Between the opal 
Hep j= oralernatively, Hep = ps 

“The skeratne hypothe ye what ind of ierence we expect 


the Rando, Normal, nd conditions are me, we ean proceed 
ith caleulations To doa ett 


tera tesAettatpeedtetnnty pe! 
pr terre rerio 
Spee 
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Cantante hs tt when 
+ Random The date priced by random sample of zm om Pop 
ton T and» ron sample fs 2 fom Topolino by fo 
‘op of oe and tna tao experiment 

+ Namal Bath population dats othe redo of 

tof wo testy ate Noma ON bl sme ae ae age 
(> 3oandm > 3) 


Diyos nc entre 
fvowurgeopicsee *Eadependent Both the samplevinoups themselves and the kndvil 
tndentorancn sco ‘bsenato in cach ample at ndeperdent When sapling with 
Scvtoctente | supicenen cel a roe pons ead re 
‘morse oso Tage athe corepondng amples the 10 condition) 


Here’ 


crample that shows how to perform a two-sample el 


‘Comparing two means 
Dows amount of calcium in our diet reduce blow pressure? 
Ente el pie sie 
ed woe aol celal ack st a 
Rowarchens therefore desagned a randomized comparative experiment, 


‘re ate the dat: 


Goup (cake: 74ST 8 
Group 2iplecebo} 112 1-33 
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_ EAT ven 
cig ara 
‘Set an an 
‘eum ue nog 
‘eere stn es, 
9h Dat woxcio 
‘recat 
soya panne 
a cat 
ut aap nap 


Prose 
(a) Arion dept he dua sown Us the rap ase hese quests: 
Ae tceres tes aps si or eat Et, 
+ Aeethspeais ofthe te gp sar dere Epa, 


(0) Dotnet pvde set eence occa acon supemet recs Hood 
aa mare ana paeb Cay a apoyo apart or 
(c) echoes Ft ot 0.064 rth est npr) erp hs ancora, 


screed od esr decree at 
is ceed aaa. hopes ina 
Behr ues ng face asd Pest fae 25 mers ray 
(0) STATE Wena tpertrmatestat 

Nesn— end Homme 

Keay me>o My > ay 
here hte men decreas le Meds ora Hach ene he ons 
In std oh tats plement de rt mean arene a ood 
esr oe Yt esi ots ts ado al abe Re scant lol ab 
Specied sowie = 005. 
PUAN Mando are, cay ost sale ry — 
+ ao The 2 sates etry sad he tee 
+ oma Wi sch smal sample sas, edt ose resonate 
bette aa droves eres Weds wen iam pedo 
retort Fie 101 stow and sev aera Norma oat 
leshee sa Theos hows enn of semen dots Te Nama 
tay ptf pace gr reese et wey ear whee Normal aby po 
{heck pus esos hws son sg cance Wie esr seme the 
‘pce td acerte 
+ dps Dette rn gmat seta grap Eaves 
inepner: ral brates ac yr shoal ase Pe depend ew oe 
Spt sche ond reset pest orntn bo ete ah EME 
(50 Fomine wetted senna att 


cop Teint nF 
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‘PURE 12 Since ota ad (Noma 
Bota lhe change n Hood ress the 
Smo gas nies ne clu a Hood ese 
spent 


tn nett 
+ tenatate 
=5)—u—m)_[8000-|-0279)-0_ sar 
cor Gm 

ae wt 

+ ras Byecomraneneed hon —1 
inn iped=Sbeaneheewtsetpstin [ “Perna 7 
Seedioccags | < BE 2s 
Ritraiermte |e iar 1m 330 


Porm : 
Sticecoeece || SL =x 
Par 

mc 
‘Sconce amr 5000. 


CONCLUDE: Because Praeger sano = 005, uae 
rep Th erent prods sme eens tam eds 
‘Wess prene bt hon oer eo cre 
‘an comnredces ond ressoe mir thana plasb. 

(e) Asaming py — p= Oita he cal oon 
Beers meat od prose radction tr thee gs 


a rd ° 
Coreecasccahcatvnctaamanen” je feiiesz7Sepateathteca 


eagees teodam. 
For Pr 


ce Try Exercise SL 
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‘We ca estimate the diference i the rae mien decrease in blond presure for 
the calejum and placebo treatments using. two-sample ¢infereal fox J — 42-TO 
get esulls that are consistent with the one aled test at = 0105 from the exam 
ple, well ue 3 90% confidence level. The conditions for consucting a cont 
dence interval are the same 35 the es that we checked inthe example before 
performing the two-sample est With df =9, the ential value fora 9% cont 
dence interval is” = 185% The internal i 


x foa- —(- pp AZee S20 
apt E+ S = pom (-azrays ray 43 


=5273£ 6027 =(-0.754, 11500) 


‘We ate FE confident thatthe intel fom 1.754 bo 1.300 captures the der 
cence in rue mean bled pressre reduction on calm ont a placebo, Bees the 
507 confidence interval cle 02 plauuble vale forthe dierence, we et 
‘ot wejet Hr ~ jo = 0 agar the twosided ateaie a the = 0.10 sgl 
cance level or apart the onesie atematne a the @ = 0.05 sguficance lve 


Why didn’t researchers find a significant difference in the calclum and 
ood presureexperinent? The dfrence in mean nae Hod pres 
fees ppt 5273 ean Tha ee pty 
diteence Wik te smal gop sinc, howe, thi ilrence wast? Le 
A nuh net Hep yo Om raf cone atenatne We 
that ager pape magi show +a diference nme ood prs 
ton, wick wold cae that calcu har sfc fl wo, then te 
© sacathen in ths eperiment made 2 Type rr —fling oe fae Hy 
(i romans fm on rst th ae be 
Pale of 0008) Sample wrong fc the owe of «te. ert 
Acton aca cence nthe cstv tc beans th taped 
to Large rambers of subject e 


“The formmalas forthe twosapl ¢ tet ane interval fr yy — py often Leal to 
caleulation errors by students AB a esl, we recommend using the eaeulaor’s 
2-teaprint and 2-Eesprrest features to do the ealeulatons 
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"ROURE 112 Compr opt om (a Fam and) Mra ra toa est 
‘In the 2SampT Test screen, specify “Data” and adjust your her sting ax 


T1389 


Gest "Dre endef calcd ep ton wl 
te doped, shomng he ot ttt nd he sae a cop he 


ae 
[Note:The calor 7 confidence intel forthe trv lence py — 
4s (-0.4767, 1.022). Thins quite abit narrower thn the (10.754, 11.300) 


sre obtained eater 
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(CHECK YOUR UNDERSTANDING 
a guy do nthete bcs ach pester decay Lendl? A recat bared 
paler pean the fr deen fm then do the stp amd mean 
{he ne eet ak tem Balan sagt cn omar ad pe ad 
‘tt of deny Lower steng ears the be ae emmy 

Far ane pat of Bic sd, tr moemcher bare 1 sips of peter bi in well 
ein in the seme The sp mee roy sage te rap 5 oem 
‘noe baie fr? weak ad theo Stee bed for Terecks tet the bean 


‘rengie pm™ 
Gomp weds 1 De ri 
Group 2(I6wecksh 12498 o_o 


Using Two-Sample 
t Procedures Wisely 


‘he twosumple¢procede ate mote ob gs on Nora ha the 
meenghe ehh When apes tv tegretol a 
fet eg cline ar a ap, ply 


cad ange of dtbutions when 


ee 
Sa ineeneee 
epee ees 
iocanoet 


Lap tet emp 
poses fodien ring iraret. 

Lopes cheep psvecteenine teal er te 
feel eked es oa orien ale He 


In planing  twosample acy, non equal ample ier fowcan The eu 
twouample f precedes are mon robust apn on-Nonnality is 
ee andthe conservative Pyalues (ang Option 2) ae mex accurate. 


‘The Pooled Two-Sample f Procedures (Don't Use Them!) Most software 
offer a choice of twosmple tstatistice. One i often labeled “unequal” var 
ances; the other, “equal” varances. The “unequal” ariance procedure uses oUF 
(orosample ¢ttstie. This tet i valid wheter or nat the population variances 


Pooled two-sample + 
stabistic 


Flneree ve anon atte 
nh ae root 
erpetnnge ufone 
Tetercaea peor 
ee sr orend 
bungee coer | 


Prod estimator of 9° 
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sare equal. The other choice is 2 special version of the two-sample # static 
that assumes thatthe two populations have the same variance. This procedure 
‘combines the statistical term s pools the two sample variances to estimate the 
‘common population variance. The teslting statsic i ealled the pooled two 
‘sample static. 

"The pooled ttc ha exstly the #dstibtion with m+ n: ~ 2 degrees of 
freedom f the two population variances relly are equal nd the population dt 
bution ate excl; Normal. This method offers more degrecs of foedam than 
‘Option T technology), which leas to narower confidence intrals and smaller 
‘Pralues. The pooled ¢ was in common use before sofware made 1 easy to we 
‘Option 1 for our teosample statistic. Of couse nthe ral world, diiibutions 
‘ae not exactly Notnal and population variances ate not exactly equal. In prs: 
tice, the Opbion 1 teosample procedures ae alm always more ace 
rate than the pooled procedures. Out advice: Never use the pooled 
1 proces if yu have softwere that wil implement Option 1 


ow does pooting work? Suppose we have two Normally dtributed popula: 
thonsith he mae atance owe take independent ands amples th 
two populstins, both sample yarances of as! eimate a The beat wa 10 
pea thee to exits anerae them with weighs equa ttt 
“kegel recom. Ths ges more weet tthe ifoaton fom the age 
‘ample, which enone The euingesnatro 


(SUE ms — 
‘ha cll he poled estimator of beat combine ton 


Te pan niece ht — pn i ting, sty ming ot 
tosh add deat eben Mine 


‘We then subsite the poled eximate fr 2. The resuling pooled twosample 


tte 
Tt 
as 
"Tis statistic asa dtebution wath (my — 1) + (ms — 1) =m + np —2 depres 
of freedom. 
o 
Inference for Experiments Confidence interval and tess for x — poate based 


‘on the sampling dstibution off, ~ TB in experimenty, we arent sampling at 
‘andom frm any larger populations, We can thik abou! whal would happen if 
the random anigament were repeated many times under the asumption that 
Hes — jo =O ts tue. Thats, we amume that the speetictreakment received 
docs’ fic an inde subjects response. 
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Lefs se wht would happen jas by chance f we randomly reasign the 21 
subjects in the calcium andl blood presure experiment fo the two groups many 
times, assuming the drug received does affect each individuals change in ys 
tole blood presure. We used Fathom sofware lo redo the random asigament 
1000 tines The approuinte randomization diibuion of % ~¥sshown 
Figure 1014. far an approximately Nonna shape with mean 0 (no diference) 
snd standard devistion 342. 

sworn naomann In the actual experiment, the difference in the mean change in 

ras blood pressure inthe eaesum and placebo groups was 5.000 
5275. How likly iit that diforence ths age or larger 

‘would happen jut by chance when Hs tr? Figure 10.14 provides 

2 rough answer: 61 ofthe 1000 random reassignment yielded a di 

ference in means greater than ot equal io 5.273. That ou exile 

fof the Pale is 0.061. This s que clase othe 0.0644 Pale that 

‘we obtained in the Technology Comer. 

If Figure 10.14 displayed the results of al! pombe random reas 

signment of subjects to treatment groups, st wonk be the actual 


ens randomization dstibuation of J) ~¥p. The Paalue obtained from 
‘orereinsa tiene this dsibution would be exact comet. Using the two-sample est 
‘ap tocalculate the Palne gives only approximately correct ress, 
‘oer han Figute 10.15 shows the value of the two-spl et state for 
pnb = ‘ach ofthe 1000 reeandomirations, calculated using, our familar 
forms 

FIGURE 1014 Fab sation sor 

‘appoint rari att ot 

4, yom 1000 andom annem ot 

‘dnatto water ou ne aan and 

itp pert. 


“Te deri uve forthe testo with f= 1559 shown in le. We can 
sce that the tet aint fll the ¢datebuton quite lonely ths ease 


/AGURE 1015 The derbi he to sarge ts 
‘Sasi re 000 dom aspen a Fe 1044, 


‘Whenever the Random, Norma nd Independent conditions are me, the a 
Adorsization dstibution ef =~: loks much like it sampling dstrbution. We 


re therefore we wsng two-sample ¢ procedures fr comparing two mean 3 
‘ndomized experiment 
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y DATA EXPLORATION Can magnets help reduce pain? 


© seme doctors have begun to se 

medical magnet to eat pats with 

3 hme pain Scientist wondered 

whether this ype of therapy realy 

worked So they designed an exper: 

‘ment to ind nt Fly patients with 

‘thonie pain were recruited for the 

stay” A daclor ienified 3 pail 

a plient and ake him oF 

pin on a scale fom 0 

TO sere pai) Then, 

the doctor selected a sealed exvelope 

containing 4 magnet for 3 bos tat 

contained both active and inactive 

‘magnets The chosen magnet was 

applied to these of the pn for 48 rites. Afr teat 
‘pun asked to ate the level pin from Oto 10, 

‘all, 29 patients were ges active magnets and 21 patients received Inactive 
‘magnet All bt 1 of the patents rated thet tal pai asa 8,9, 0 1, So 9 
nits decide to focus on patient final pain eats. ere they ae, groupe by 
the pe of magpet wied 


cach patent was 


4581 11H? 
5.18, 90.6 10,8 10, 18.10, 18,09, 10,19 


[Did the ative magne help reduce pain? Cine appropisesatiteal evidence to 
suppor your ace 


Don’t Use Two-Sample ¢ Procedures on Paired Data in Chapter 9, we wed 
pied ¢ procedures to compare the mean change in deprenon sores fo a group 
ff caflesedependent sada when taking efleine and a placebo, The int 
nce vibe paired data becouse the tame 11 mubjects received both tele 
Tn this chapfer we wed teosample ¢ procedre to compare the mean change 
Hood prenire fora group healthy blak men wr akg eat and 
placebo. This ie, the inference involved two independent groups of 

subjects The proper meth of anal depends othe deg of he ty. 


Independent samples versus paired data 
B (TOR leech foo seins dew ste ped 
es eee tee 


(2) Totescthene chances oti ands, and on Branton 
‘ured enous cchcariathcen whles BendB ec moutedonthothe 
Sle Wc sieges wich deere pig cin The some recede 
ealeetebort 


Qi: Esercive 59, 


Inference witout Randomness Stas ts ammo ang,“ pla 
‘le tte oe elt happened ay chance when Wat 
ie pce by ann slg ofa sega we con ole 
‘ayer it pny ome 
coy rt tes lw me 
chance prcenimsuch cave, all makessenae to a How Maly nit that mich 
‘re oder by canes exec 
* ocala tren ho hve chaired conan wenice wr 
fcttomtne nb het ts fm 7 sac ad 
{Eee ever a7 what et ee i oper eet ene 
tts end Aa tego cope opt ane 
‘Coan 0 ene men fae ae er Mac ne 
(po he on pps pce ct ei 
Ere 
= theron mccon betwen cla fel dmv Aton 
‘ean nt ce ee ats eve poping 
torte etoaap bees he eval earn stag tbe expand 
by chance: at vt of levees nw pf” 
2 help br mr tay var nal We oman Bump 
{rained a pros ta ed 3 adel le pro tt hed 
[Stove wer sare crpued sf i pa 
hams bra wo pou Sapo Sep hl he 
Tin iat saved wid pty etn gs a 
these it ded Wha conciion an do 


the data were not priced by random sampling, we cat 

genealze the res to any larger poplations of intrest. The 

luck of random anigniment prevent from establishing easton, 
‘Due the ited scope of inference we wil avid suck sting 
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case closed 


g Fast-Food Frenzy! 


Tn the chapter opening Ce Study (page 601) about ret service at ood 

fetauanby we proened some res fom two SR magne su of sevice 

time an oder accuracy at andoy seed restaran iy he 80s, Here 

Ieee 

1. in 2005, 522 of he 558 BurgerKing vit rene in seer den. tn 209, 

477 ofthe $29 Burger King vs eld in accurate onder. Wis hte a sgificznt 

hangs in accuracy at BurgerKing estat between 208 and 2007 

STATE: Wea ott Hpi ~ pr 0 eras He pi ~ pr 0 where the 

ropotion a al Burger King ode 208 hl were filed ead a 

{he propria of all orden 207 that were lled securely, Baus mo 

sipcnce eel wa ven, well = 005. 

PLAN: Ifthe condoms te met, we shoul perform twosample ts for 

bop 

* Random “The data cane fr vis oa andor sample of Mager King 

‘estan acho the vo year 

+ Normal The counts of micewes sd fare in the smplen—522, 36,477, 

fd 52a tes 10 

‘+ Independent We hae inept an spl fo 208 an 20, Beane 

‘sping without replacerert was wed, eee be teat 10,55) = S580 

‘to Barger King ive thr 208 and tent 10527 = 5290 vi an Z09, 

‘This nae to aime 

DO. The calculator s-rropsrees yeh = 2.0 anda Pale of 0.0413 

CONCLUDE: Bocane the ae, 0.041, than 008, we can ref Ho and 

‘conchae hat here m conning evidence of deren rer acy at 

huge King retains 208 ad 2007 

2. tn 209, MeDonald average ence tne for 59 deta vis was 174.22 

seconds wih standard dein of 1649 seconds In 2005, MeDonl serie 

tin or 750 dev is ads mean of 15877 second and stand deviation 

of 7. second How much dl average ence ine t McDonalds etaras 

Change thee bro yam? 

STATE: Our parameters of ere ae p= the re mean sees time at 
Doral drmethrs  2009 and y= the re eat sevice tine st 

MeDona deve tvus 2008 We wan! sia the diference py ~ ws 

383 95% conden lee. 

PLAN: tfeondtons ate me, wel const wosampe inten or 

pipe 

{Random “The data cane frm vis orn smple of MeDans 

‘estan .208 nd 20 

‘Normal We dnt know whether the population dibutions of driver sevice 

{anes mihese te yea ate Normally dstnbuled Homer, since both sample ses 

(Se ond 790) are ch npr han 30, we are fe ning proces 
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«Independent OSR magzzne look independent smmples of extant inthe 
two year: Because sampling without replacement was usd, thee hve lo be at 
300 drivethr vsts 2008 and 10,596) — 5960 drive 
‘ss in 2009 This pretty safe to asm 
DO: The caleultors 22anprane ges.a 9% confidence intenal of 13.647, 
17253) wing df = 1293.97 
CONCLUDE: We are 95% confident thatthe inter fom 13.647 bo 17.253 
seconds captures the difeence nthe actual macan dnveshra service time in 
2008 and the actual mean dive thru service time sn 2009. This interval suggests 
thatthe mesa serice time a ll McDonald's drivedias was between 13.647 
and 17-253 seconds longer in 2009 than in 2008 


Summary 


+ ie a fo tn 
Sempre nn 
ps pli et ty 
ape = 

ee 
ere 
oats 
© Spt eg ee i pat 
{10% emo, ested deation FL 
. {concen ele fh eee oe et hegre 
ee ae rl 
eee 

ieee a emer ae 
Seeley ne eee 
me 

5 pom perp rena 
conta hegenegle clea — 


“Tis statistic docs not have exactly dtrination, There are to options 

Jor sing af dntnbuton to appronimate the dtnbuton ofthe pense 

atte 

Option 1 (Technology) Use the ¢ dstrbution with degrees of freedom 
calculated from the data by a omewhat mesg formula The degrees of 
Freedom may not be 2 whole amber. 
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+ Option 2 (Comenatne) Use the dttion wih degrees of 
freedom equ ote smal of Land ns 1 This method ges 
‘sie conience itl dle Palucs than Opto 

‘When th Random, Nema ad Independent condos ae mt we an 

wwe ossmplepocadre esate and tot clams shot j= 

= Ramm The date peed by anon angle of em fo 
polio I ands random sample of ie ono 
itgencaeneanateccanenest 

“+ Normal Both populstion dtbution (the ue dstbutons of 
responses the to testment are Nora OR both sampllgap 
sins atlas (n> Wandn;> 8), 

+ Independent Both the smplespoupsthetees adhe indi 
suai in each smple/poup ae independent. When spl, 
‘ehout replacement, check tht the two poplar ara es 10, 
fine as age a the comesponing samples (the 10% canton} 

Anapprninte lee C confidence intel frp — ps 


w-warfEd 


wheter the ential value for confidence level for the #dtibtion 
Option 1 technology) or Option 2 


“Totes Hey — po = hypothesized value, ses two-sample ¢ ts for 
oe The estate 


Pale tcl ight ttt with dee id fo 
‘ther Opin clog Opn 2 he mal nat 
twos pocedon ae qe robe gant dain fom 

Jenin opely wher ok cgay tc 
Inference abu the erence py ~ pin he cee fo aes 
domed eric hl on te ration 
We te Rand, Noa and depen 
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Exercises 


In exe hat cl for  prceae, you my 
tite thet pte Ee dagen Prod a 
swe hve dace unl you ane tater Bema 
tte what on ae wang 
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lng and standard devition 4 mel Boe ye 
‘ak oy, bod hell evel low « Neal 
‘ht wth mews 17D mA and dad 
‘evan 30 mg 


bay: Deere the 
Aitibation of 


(Ph bi hat ny ccd 
yeahs gh chet an 
ey velced wn age 20 Show your weak 


Hay tll 2) The 


ae 

a) «Normal dotribution with meas 65 ches andl 
rca 
epee le 
macnn 


yom women. Dri 
ithe tse eM 
(b) Find the pb a doy eed 
eel a? es er ney 
tung vem Sa area 
Cette Raker to Exe 3. Soppne we met 
cet SHSe of mc ped Bie Had 
(epg and ea ope en age 
Kunde 
(6 Desert hsp, ender, a sped the 
tinplng keen day hy 
(t) ad the bby of ting meen 
Sep ey ~ at em fan Og Show 
pars 
(e) Si be igi ep 
‘Sete el fri Heald age ccc he 
sooyie an lend oer a a 


1, Hl all? Rak to Ee: 36 Seppe we west 
lependent SRSe of 16 young menor 9 yams 


en wel Re apie WE) 
= 
9 iced Wstinen it od tebe 
api oar oy he 
(6) Find pty et ence in 
seep men Fy ~ Hy a ester ha rl 
cme aly 
(6) Shonkdebe mpd he de mean ight 
fethe yur women te hn ch tha 
(heap sen at the ong er? Fpl 
4 Exes 39, deen wht or rt the 
nd ngfonampe ped et 
39. Shown Hw many pi hw doe 
ioe Ton tt oop AP Satire 
Corded suey sled uo ple 
Fer-reaperesins freseanpeerenton 
eae soden fan er cha Then ey 
emblem pelo beh 
‘eon pred hig The acbtach 
asset narhicnet 


(0. Head eHow date anor of pp 
teeta owacols ithe Ue Rhode (UK) and 
$l Als compe Tandy vee sn, 
wrod Cowal ton dt itor 
Sous tpeetamnpierd 8 aed bon ih 
tema, He aan pee bcd 
Sapa ly tes i 


4. Literacy tes Dl males hae her nea ray 
fc embers Mier reese Tie Ae 
Tesi for freee of cod eet eb 
i joe eid ees Beni RB 
oni atoen (We eid coir oa rete 
‘ons flem thn 3 alin) Dat ora ew som 
argent papal 


Fenae pct 


tae pct 


seedsuesaedsuses 


aeecdeeewixdeanse 


apeayeenesggregal 


Lg wo Mary ier in compare the 
mca word eg nares fom areal oral 
{dan slic Be} wae Sr ote ae 
aoe fe 

the mie onl a ite ft 10 
mate nthe 

‘hia sire poet hates deme 


Ia rine beter than white wine? Ofer 
stakes mcgraw 
fetes eet ahead al pry rt 
sgecal bene, Onc re ty be fail we 
lta pliphenolrntncc that Jo mod ames 
Rear ac yerrecperpiea ay 7 


in mapa Nay then ned Nab 
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cf hear stark In an eprint, heally men Wore 
Spree recent cl late cer 
‘er wit wine cach day fr wo wee, The eve 
pues cleanse 
tig urapeperface prisms 
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Categorical Data 
Do Dogs Resemble Their Owners? 
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In the previous chapter, we dscused inference procedures for comparing the 
Proportion of succewes fr two populations or treatments Sometime we want 0 
‘uaine the dhibation of singe categorical variable in a popnlation The ch 
square goodnenof fi tet allows uso determine whether 3 hypothesized distrib 


{on ser ali, This method  wsefl ina el! Whe genetic, where he Las of 
probably gve the expeted peoporbon of outcome each catego 

"We can decide whether th dstbtion of 3 categorical vanable die for vo 
ormore foc Weaments sig chau te far homogeneity. doi, 
ssloc ell ote srr ur dts mateo le Rico pone he 
iniormation ia 3 two table w sty the relanship between to calegical 
‘arables The chisguae tot for ocittan dependence allows us wo determine 
if theres convincing evidene ofan asoition Bebacen the vanibles i he pop 
lation at ge 

“The method ofthis chaper help ws answer questions such a these 
‘+ Axe bith evenly dtibuted cro the dao the week? 
+ Does ckayound nase infoence cwstomer purchases? 
‘+ Isthere an anociationbetneen ange level and heat dase? 
‘OF coune, we have to do a careful job of desribing the data before we proceed 
toatl inference. n Chapter 1 we dacused graphical and numerical meth 
ds of dats analyus fr categorical variables You may want to quick) review 
Secto 1.1 now: 

ere an Acti that gives you tate pardon the pun) of what He head 


ACTIVITY The candy man can 


MATERALS: Sal bag of MEMES" Dole Choceate Canis for wach tent opi of students 
(L.6o-ounc ie wrk wot), 


Man cst hich hero Mean, Ve, ms ik 
‘case ens Here wha th lpn’ sin Depart! 
about the color distribution of its MMPS Milk Chocolate Candies: re 


‘On average, the new mis of colors of MANES NU Chocolate Candies wll 
‘contain 13 percent ofeach of browns and meds, 14 pesent yllos, 16 percent 
eens, 20 percent ranges and 24 percent Bee. 

"The purpose ofthis Activity is to compare the color dstrbution of M&AS 
‘in your inca ag wal the advertued ditibution, We want to see if there 
‘x enough evidence to spt the company’s clam. For the time being, asume 
that your bag» randoen sample of MATS Mill Chocolate Candi from the 
population of candies prodoced m3 particular atch. 

1. Open your hag and carefilly count the number of whale MENTS of each 
color swell she nal amber of MEATS in the bag. Dor? comme the data 
‘etl your eacher tel yout. 

Make table on yur pape like the one shown on the net page. the “Ob- 
sered” column, fil in the counts, by color, 2nd the total numberof MEATS in 
your bag, Lem the other columns Blank for now: 
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Youenpect our bp For example, suppose at your bag hs 60 MAM. 
eee aris pth te ets 
‘Chocolate Cand are ble, then yur expect (0124)60) = 1440 ble 
MATS, on average, na bag with 60 MAATS, I silat wa, you ean 
ele an 
‘Compute the expected count wo decal places) eco 
yours nc rape tia 
{Spec cots ep othe mmber of SI&AFS in 
Papers eat afer 
ncaa the difetence for each color Observed ~ Expected. Record 
tierce ne appropri coke, Pd he nm ct ras ni 
‘colunn. What do ou notice sbeut © Obnened ~ Espected)? 
Tm Sep 3 the um of he diference aes ould be up to roundoff eon). 
‘Doe that mean yt nal ag atch he calor duty 


‘Mar, ne, perfect? OF course not You gets total diference af 0 beeae the 
pontine: lane each att How cn we thi ble? 
‘We could we abot ales, bt imtcad, we choose fo square the 


‘alae doe thi remind you of anything eater in the ex) 
4 Compute the vals of (Observed ~ Expected) andl in the next column 
‘of your tbl. Fi the wut af the vale in his col. Compare your revi 
‘eth those of your clanmates 

5. Inthe lat column of your table divide the values inthe (Observed — 
Expected) column by the coresponding expected counts. fi the sum, 
“This nal emt elle the chaque sate andi dented by x the 
lowercase Grook leer hi, pronounced “Eye"). Keep this ruber hand —you 
srl ae it ater inthe chapter. 

6. your sample reflects the dstibution advertised by Man, ne, there should 
be ver litle difeence beteeen the obuved counts andthe expscted count 
‘Therefore, the caleulated values making up the sum "shouldbe ver sal 
Are the entries in the lat row ll abou the same, or do any values sand ou! 
because they ate mach larger than the others? Did you gt way more or way 
fewer of particular color than yu 

7. Compe your vale of with the reslls obtained by your classmates, How 
do we now ifs particular statistic i age enough to provide convincing 
‘evidence asin the company’s claim? We need to learn more about the 
{Gainbution of the chaque Hattie before we can answer this question 
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Chi-Square 
Goodness-of-Fit Tests 


Jerome did the MATS Activity wih his clas. The one-way table below summa 
‘izes the dat from Jermne's ag of MEMES Milk Chocolate Candics. In general, 
‘oneay tables display the distribution of «categorical variable forthe indiduals 
ina sample 


Color Bloe Orange Green Yellow Red Brown Total 
Cu 9 ss 


“The sample proportion of ue MAAFS i 6 = 2 =015. Since he company 
clan that 2 ofall AMS Milk Chocolate Cokes ate le, Jerome might 
Beleve tat something fyi gangon. We could we te oneal =e fr 8 
rope rn Chapler to at the pes 

Hop 02 

Mp <0 


et the tue popaltionprootion of bse MAAS. We could then pe 
Sem ona! agian tor ech othe remining cole Not Sy 
‘oul thet be pty atic bt woul! al lea th problem a 
Ili comparuons which wel daca tn Sectan 112 Note porta, is 
Spprach wld lw ow iy Hs ot andor sample of ees 
sts elo dition ht len hom theo led by he om 
fa rome ag docs ing l the colors no conto tne ine 
Chisquite yore Poet we need ew ind of gine te eed share good 
Citic ott 


Comparing Observed and Expected 


Counts: The Chi-Square Statistic 


As with any test, we bogin by ating hypotheses The mull hypothesis in a chi- 
square goodnes of ft test should state a claim about the dtrination ofa single 
sare inthe population of intrest. tn the case of the MOMS Milk 
(Chocolte Candies, the eategrical vanable we'e measuring is color. The appro- 
priate ml hypothesis 
He The company’ stated color dstrbation for 
-M&M'S Mil Chocolate Candies come. 


‘The allematine hypothesis in 2 chisquare goodnesoffit tet & that the 
categorical variable doesnot have the speci Gstibution. Fr the M&ATS, our 
sltemative Iypothess 


He The company’s stated color distrbation for 
-MAEMTS Milk Chocolate Candies not comet. 


Observed counts 


Lxpected counts 


Dayenn pate 
‘pce at ae 
Utne oped aie de 
‘meena Oo? 
‘ot cones re 


Cane Th ec 
ratway naw be 
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‘Wecan ao writ the hypotheses in symbols a 
He: se =024, my = 20, fe 
Pre = 0114, Pea = 0.3, Prone 
Hz Alea ne of the piss incomect 
svhete ps. ~ the trae popaltion proportion of M&M'S Mill Chocolate Candies 
ofthat cole 
‘Don'sate the arma hypothesis in away that suppest thatthe 
proportions inthe lypthesized dstibation ate wrong, For instance, 
roel be nconect owe 
Hepa = 024, Pony 0.20, Pyen # 0.10, 
Pram = 0.14, Pas = 0.13, Phong = O13 
The idea ofthe chi-square godnesv fit testis thic we compare the observed 
‘counts fom our sample with the counts that would be expected if Hl ste 
(Remember we always ase that Hs is true when periorming a signfiance 
test) The mote the eburved count ier from the count, the moe 
‘evidence we have aps the nll hypothesis. tn genera, the expected counts ca 
be obtained by maliphing the proportion of the population dtabation in each 
category bythe sample size Here sn example that stats the proces. 


16, 
an, 


Return of the M&M'S 
Computing expected counts 
PORE deme MLNS Cee Cade td Oca Cat Ne 
apace to 
0h Amin a hci telat 24 a MS 
SW tans Ferro saps ec te ere aa 
ees sd be[0 24160) 1640 a opera cnt ob NS Ug ne 
‘Sreectid erat oped rb ether cure 

mye (020460) 1200 “cacy —opeeedExpecod 


conpimgeso os ke 
ween Te 

Rak: (0.1360) =7.80 ‘eon . 0 
tee (i5jato tm 


coon 


To cei the data give convincing evidence agains the ml pothesis, we com 
pare the observed counts from our ample withthe expected count axsuring Hy 
Fetrue, Ifthe absered count are fr fromthe expected count thats the evidence 
‘weweresecking The table in the example gives he observed and expected cont 
For Jerome's spe of 60 M&MTS. Figure 111 onthe next page shows asde-by- 
‘de bar graph comparing the obsewed and expected count 
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‘Wesceome i ae direncsbtween the ssn 

an cpectd comin sce cr agen ow 

Sat edencs ths age orp ccna 

- Chance noon sper a sa 60 fo the poplin 

V Sinton cine by Man, fe? To mete uc 
: fone celassef eanrahon rapo tic 
: choca snl epced coms. The sai we fo 
; take compen uae ai 


ee "One OneWave _5{ Ohne — spec 
‘oe in 

FOUR 111 Bargaph ampuing care an eget 

Can brieore\iago/COMUSUR Chase’ (The umbol x i the lowercase Greck leer chi, pro 


Candee founced “kye") 


“wre a sami 


“The table shows the obuened and expected Saas ace 
counts fr Jerome's random srmple of Go) CO Observed Expected 
MEAS Mil Chocolate Candies a : sa 
om 8 10 
TOL Cate techn satis om Fy 
SOUNON Tefomlatrtechaqamesititie ee 5 ry 
ad = Son ‘ 30 
Forder dita nea stems trench cage 


-=2005+1585 +0600 +5106+0821+0415=10:00 
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‘Think of y= 2: a meat of the ditance ofthe observed counts from the 
‘expected count Like any distance, ts aluays ze or postive, and itisze0 only 
‘when the observed counts ae exactly equal othe expected counts, Large valu 
oF are stronger evidence again Hs because they sy tha the absened count 
‘ace a fom what we would expect fH were trac. Smal values of suggest that 
the data are consistent wath the ml pothesis. sy? — 10-180 a lame value? You 
[now the dell compare the observed value 10.180 agains the sampling distrib 
tion that shows ow = would vary i repeated random sampling ifthe mull 
Iypothess were tue 


Why do we divide by the expected count when calculating the chi-square 
renee tee 
Seren omic wee 

enor viata eo 
Sree eames 
t Suraceaeatonhe 


Ble 18 144=36 Yellow: 12-84= 3.6 


Je bth eases, the actual numberof M&M in the sample exceeds the expected 
‘count bythe sme amount. Bul actualy mich more surprising to be of by 3.6, 
‘utofan expected 4 yellow candies almost a 0% crepancy) than oe off by 
boutol an expected 144 Me cand 229% dcrepaney) Ror th rae, We 
‘rant the etegoy with a lrger relative derence to contbule ore heavy 1 
the evidence agaist H measced bythe atic 
If we computed (Observed — Expected for each ctegry instead, the cont: 

Qe 


Blue: (18 —1440}8= 1290 Yellow: (12 = 


By wing ae we gtarante that the clot category withthe 


Larger relate dflerence wil contribute more heathy t the total: 
Be: AS=14-407 _ 9.99 


140 
= 

CHECK YOUR UNDERSTANDING 

“Mass, In. reprs that thes MAATS Peart Chncolite Candis ue produced aro 

tw the falling coor dition 25% cach of blo and erage, 15% each of geet an 


{ello td 17 ach fed aed bro Jey Hough ba of Fenn Choc Candies, 
Sed counted the colo afte camber hn nmple: 17 Bue, Tommge, I geen, 4 yellow, 
Seek end bow 

1. Ste pst i ting comps eo bot the eb ti- 
Sent peomt MEATS 

22 Caealite the expected cum fr cack clr, uring atthe compa’ came 
tee Seep 

3. Cale the chaque tee fr Jacana Show your werk 
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The Chi-Square Distributions and 
P-Values 


loi vila ng loth oo 
shed inerrant er terestve belo 
Se pyran carbene er 2am 
Pati prance edger beens rea 
pl eel tepep etter la 
pec reperre peer 
Ho een tere bel negra on 
pcre ret mt eporerte 
bee alge teehee erg 

Posted leg bone 
ee i hak dln ae 
Pe ioe eres tdi 
Fpl E eel meg ated 
aay TS be negative The sampling distribution of x elifers depending, on 
shes feeds ato 
une 2 eet omen ae tad ming dat 
evenness a ge asm ce os tag ton wth 


‘IMAM Ik Cros Cando sated byw  dezpees of redom (lf qual fo the number of eateories mim 1 
‘moar ‘Av withthe ¢dstributions, there. diferent chesquae dstebution 
foreach posible value of ere ate he fac 


‘te tnt open one na 


Figure 11.3 shows the density curves fr the members 
‘of the chtaquae fly of ditrbntions. Av the degre a 
a) freedom (a) increase, the density cures become less 
skewed, and larger values bocome more probable. Here 
are feo olher ‘interesting facts about the chiaqeare 

ca) dation 


= The mean fs pata chante ton 


‘pal tos degrees of feedom, 
1 Ford > 2, the mode (pea) of the chisquare density 
P oaet cune iat 2 


PTET TUE ETE EEE” Whendf=s, fr example the chispee dittbotion has 
oe 2imean of ad se 

FAGUNE 13 Theres rea merbenctte ‘To ge Pass fiom 2chisuae dsiiboion, we ean 

Choque nil dain Tieapingdorhars wie Table Cin the back of the book or technology. The 

Cf oveqar sce tg an felling cxmple shows hw see ble 
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Return of the M&M'S 

Finding the P-value 

In at eri mee hg it fro ann 
‘sample of 0 MEATS Milk Chocolate Candis? ~ 10-180, Now lot’ ind the 
‘Paalae. Because al the expected counts ret east 5, the x statistic wl flew 
3 ‘sinbation reasonably wel when Hy true These ae 6 color cal- 
{pote for MAATS Milk Chocolate Candies, df= 6 —1= 5 


‘The Praluc isthe a value of as 
Digs tng lon tain elon fhe tee Fe 
shows this probability ay an area naer the eh 
square density curve with 5 degees of eeom. 
“Wo find the Paalue using 
“Tale Cookin the df = 5 
some The value x2 = 10.180, 
fl between he critical va 
1ue1924 and 11.07. The cor 


ast 1258 


excerpt fom Table 
CCaboveright)Sothe Pale fr atest hase on frome’, 
data between 005 and 0.10, 


[Now le Jook at how of he Pale with our eater, 


li 


(coast on the TH command geste at conten it Tae Ch 
‘more precise For that remon, we recommend using your calculalor to compute 
Palace fom a chisquarediibation. 

Based on Jerome's sample, what conclusion can we deaw about Hthe comp- 
anys sated color distibution for M&MS Mk Chocolste Candics is core? 
Since our Pale of 0.07 i greater than a = 0.05, we fal to eject Ho. We don 
hhve sufficient evidence to conclude tht the company’s claimed color distrib 
tion isincornet. 


‘Why might we reject too often when working with MBN? Suppose we 
yea Leounce bag of MATS Mik Chocast Candies to every meber of 
Soutien claw andakcach stent ops a chiagare onde ft st a 
thea = 005 lel. the colo dition clamed by Man. te, te, wel 
expec abut fhe senso reject Heer though Heal eae 
thea = 005 apufcance lee ges the podabliyafmaking Type ter 
"When one echer did he “Candy Nt Ca Actiy (pag 67%) wl her la 
of 30 student, 6 of them ete the ml hyphen. How could this happen? 
Maybe the color dition canes by the compa wong Lets ge Man, 
Tne the benefit ofthe doubt forthe tne being, The tudes could have made 3 
cain era al ha wh cae Mob te dn ty 
‘luk We can cua binomial dation wth n= 30 and p= 0.05 0 fd the 
probably of ‘ore Type Veo jst by chance. ty GOO, Thal 
eater ie  pambte explnton eer 
Tero tht he rblem with one of he neencecondtons. We uated 
cach bag a tandom tanple of M&NTS MU Chacolate Canes om He ager 
option, Acorn he ciate ave departed at Mar, Ie, hs tt 
ith goed wen Het how they ropond othe many leach and stents 
‘who wrote cle si emaedconcrng hc elaimed coor btn. “While 
‘rei the clos as through publ the ate) an ay ay real, 
ym th aba. Th ese combi hai la 
ies the iting). The bap ae the le ont 
Ui et pecgeg eli wagt oye 
"The mera he by ple’ cones att e 


[gp creoxroun woersraons 
Lats cote ou anal of Jy spe of MATS Peart Chocolate Canes 
the prvi Chek Yor Undentenng pare 681), 
1, Conn the the expel eds resect ew cine debi 
Wich ttn he ge yd et 
1 Shee gap ike igus the Pal 
5. he Tie Cd the Pt The you ee 


“Tenia wl yo dae 
g ‘homed ee dnttoe br MEMS Panat Chorale 
(Condi? jst yur anes 


Large Sample Stee 
— ‘condition 
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Carrying Out a Test 


Like carte for 2 population proportion, the chisquare godnest-of it test uses 
same. that become more accurate a we take more observations 
(Our rule of thumb i that all expected counts must he atleast 8. This Large 

Size condition tks the place ofthe Normal condition for = and 
dures To use the chisquave gondnes-f-t tet, we aust alo check thal the 
Random and Independent condtions are met. 


gti ate oe The Fa he athe 
has he doy ete re atten 
pai 


‘Condi Use this et when 
* Random ‘The data come frm a random sample ofa randomized 
experiment 

* Large Sample Size All expected count ae a east 5. 

‘Independent tidal obvertons are sodependent. When 
van k ‘whee 


‘check thatthe population et east 
asthe sample (the 10% condition), 


Before we tart using the chi-square godnes-of fittest, we have ta important 
contin to oe 

1 The chisuare tes static compares observed and expected counts 

‘Dor try to perform calculations with the observed and expected 
report each eatery. 

12. When checking the Lage Sample Size condition, be sure to examine the 
‘expected counts not the abserved counts 
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“The next two examples show the chisquare godnetrofit tet in ation. At 
alway, we fallow the fourstep process when performing inference 


When Were You Born? aa 


A test for equal proportions 
Ate bitths evenly dtributed acros the ays of the wee? The one-way table below 
‘shows the distribution of buths actos the day of the week in a random sample of 
140 bts fo local ron alae = 


Dey Sm Mon. The, Wed Se 
aie 20 Mos 
Do hoe dats gre pant alee Mat lB ae ot equally My on 
May fhe wok” ed 


STATE Mega topermatst of 

Bie dst aa ares ae vented aro thd ee wk, 

Hy Beth tical sear net vented ons th day oh wee, 
‘henathypetei sy ta th proper orth arth sae ona des tha. 
‘Tyoprtons mos 17 Soa owe pete 6 

Hefu= P= fam = pa= 7, 

Aten net he ports nat 7 
Nosipitcanc ona pce so ese = 0.05, 
UNL Wiheconlonsare mete hdc 3c are goo et, 
+ ado Theda cameos anion amp cle 
+ Lesage See We check at aed course at east 5s Astaning stv, we wad 
pec oe sees of the he to cron each dy of hw. Forte sage of TAD Wh, 
‘he epectd court tra 7 days woe 1/7140) = 20s. 
*Tdpeder idl ets the rndom spl hdd car ependetyaeam 2 

‘aes Becase wea sampling wont repaceme, thre eed 

‘est est 10(140)— 1400 rte ether. Th hole 
fhecasinalagcy 
90 eb een te gure sti, 
+ eee 


yp eet 
<8 4 0h 
4 B7=20F , 8-208, 5—20% 
ar 7 


=245+045+-080+.000+245-+020+125—760 


FIGUIE 15 Th Polo chsquxegoineseot + Fase Fe 11.5 dae the Fle tect asaatee 
‘seth Tear 8 ‘suerte aaron wh 7 —1 Gaeta, 
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plestereve 


Ping to ta 
<carioata tector des tre aie 
Eipcaret nec Tael meee aoe pot 
Eiaiecganance ior terms 
‘and Sunday than on other days. But the data in the example did not provide 
Saas Sop esate et aa 
sPaerep tanaka naa 
Sicsmtg neue tent 
ae 
SS hk yaa orate 
ane mona ocateate ea 


TECHNOLOGY CORNER Chiequare goodness offi test 


Yenc nthe T1935 or 749 posi fe casio oa chat 
ose Wein Joe GATS Mik hha Cnt 


snd eter thers L/int? 


2 Pesfrm a chips pone of te, 
[Note Some oder T83and TH dost 
fave tte Toner ca gt th fray by pera hh operating 
mom. 

“TESWS4 re=(EEN snow overt reve ad chook 259-To 

‘THOR: In the Stabs tor APF, ros ZEN TD (F6}) and choo 
Ene the mp shown on he net page you choos catcutat, youl gt 
{cron withthe totais, Peale and yom choo the rw option, 
Soul et pcte a he appropiate chase dtntion with thet 
Tec nord and shaded se contesponding to fe Pcie 


hap tht 
1 a eed cunt expe 
ae eae ee Sa Se EE 
he Li da = ae 
Se the obec fn a, _ 
Gitte ceed come mea = 
= 
te 


688 CHAPTER 11 INFERENCE FOR DISTRIBUTIONS OF CATEGORICAL DATA 


‘Oe of the nxt common applications of the chitsquare oodneaof fittest 
the fehl of genetics Rexearches watt to investigate the tats inherited by of 
sprig that esl from mating (abo called crm) parents with known go 
makeup Probability rule forthe inheritance of dominant ad rcenive genes 
Inlptexeazchen pred the proportion of spring thal wll each pomble 
genetic eategon. Then, the reearchen mate the patent and clay the reali, 
‘tiring, The chiaquate goxinen-f tet help thesis anes the validity 
ofthe npotheszed datbution of poportions 


Inherited Traits 4 
Testing a genetic model 

Aol wah com as of cco pant hang peti makeup Cf, 
Fgh pnb se gee (0) cele rom pee 
Cale ch oleping plant wl eevee ge colon ry each pat The 
{slowing abe oben elles Parner shows he posable cantons of 


igene econ bs the spin, 
‘Parent passes on 

e og 

Pett puseson: czy 

so 


‘The Pact wpe mgt ta the pecan (Co 
eli gc (lab co pas hold be nth 
Teh bln prec et 27 othe lng wl pon, S08 
Tike yelp and 378 willbe abi. 

Tt thc ppt bt the tin of ring, he oi 
te andl sled pi of yellmeen ae plans: OF 4 
‘lig, 7 pats wee gen, 30 ee legen, Sod 1 ere 
SIS o tte ts ir icy ben wha te sags ane 
feet Coy ns appr te a fn 2 005 lef bp 
jemspepne 


Section 11.1 Chi-Square Goodness-f Fit Tests 689 


“STATE: Wemaettapetrmatestot 
ie heilags pdt ar stn orate pt ofp comect 
Tat n= O25 funny 05 finn 025 
Tests pected trina hati tat nro 
he stated opr nec 
sttheer=0.05sigenctlent 
(ae Mecanismo ache pods ast. 
+ ae Th ita ne pads den ample abc fm 
: Neca ts allapectd cus ama ast 5, Asso Holst he 
pected cums he erent cats orig ae 
(prem (025)4)=2%: yehow-geen:(050)4)—42: abi (0.25/04) =21 
‘ecanplee all ebered sd npeced cots shown lon 
pede di apg ert thr 
‘rats depenentyhomont meter Sze OTWPNG Color” Obeerved Expected 
wearesimplng tes repconert there ier a ” 
waldncedtebeatlast 1004) B40 woe gen » a 
uc pats ppation seems ane " 2» 
easoute abe _ 


0 Weathers que anne testo complete tt, 
estate 


+ Fake Notethat t= membre topes — 13 —1 =, dt = 2. hPa rm 
‘tecsttars 0.0392. 


CONCLUDE: Ow Pi 0.0992 ies hana = 0.05 sm wre Ms Wee comicig 
dec ta he aspen stron or thro ace plat spas 
Seance 


e@ For Practice Try Exerc 17 


Remember, there ae cy tro posits fr our ificance te. Either ont 
conclusion scree andthe genetic theory docs hold inthis case of we made 
2 Type Teor by rejecting H, when actualy trae 


(690 CHAPTER 11. INEERENCE FOR DISTRIBUTIONS OF CATEGORICAL DATA 


emer cach ofthe tit fm ack pare. The ling Pomc apes the 
pombe combustors of genes recent pg 


Purstipasesoe RC oR 
Re mrccm moemy RICOH) RH 
% Frc) REG OKO) REE 
© eco Oe} OHHH 
re eco Pty we) ey 


Sait e Sara nh ope eb ped 
Sredeed cetera rcyed cine gp nae ogicenge 

toch ‘ 

‘unit Lent he et of eng tlt a en 

sang ap T ihe O12 epg Wha ed eee gh say 

iDsctea tg erat rtd cod send 

{asin Behe mpc et stare akg hae pe 

Sa TE ices tt apace 


Follow-up Analysis 

In the chisquate goodness, we tos the nll that cae 
Cali hars pce dnt tte se Ue es ey 
tant ei ea cord ttt len ti ew 
fer td oe Whe gpm at ying ch ai 
Olin atte leva twee he hc an epee 
“Then Lok atthe india term (oseTved — Expected? stare added together 


[Components — ty produce the tet attic x3 ‘These hom which terns conte 


te 
"at he arp Spots fated ee 
sane nater renaieign meat 
fee aie psa hon pec a omen 


“The chisuare static 
ea GRE, GOP, 1-217 
0190415244762 =6476 

‘Wee thatthe component forthe albino oping, 4762, made the largest com 
{ebution to the chien static 

‘Note: When we rn the chi-square goodnes-of fittest onthe calculator, list of 
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Inference for 
insecion 12, Relationships 


You'll Team about: the wosampe = procedures of Chapter 10 allow ut compare the proportions 
‘Comparing dssbtions of succes in two populations ot or two teatment. What if we want compare 
etaeaopa vate ‘aan ho mpl oe pup Merny wha ne wal compte 
oe stbutions ofa angle categorical arable crow several populations hea 
pected counts andthe yen? We need a new stati et The ne lest tarts y presenting the dla 
slaquare sate tyomay lable . 
‘The chbaquaetet for" Twomay tables have more general uses than comparing distebutions of ingle 
amogenety categorical variable. As we sa in Section 11, they canbe ued odesribe rela 
‘Tollowup anys ‘hips between any two categorical variables, tn this ection, we wl sat by 
: developing testo determine whether the disbution of categorical vaable 
Comparing wert te same for each alti or teatmen. Then well examine & 
operons related tet to ce Ys an amocition between the row and colin 
‘latinships between arabes in ato 
two categorical variables 
The equa tat 
for aaciaton/ 
independence 


tagctanan ee Comparing Distributions of a 


Categorical Variable 


Does Background Music Influence What 

Customers Buy? 

Comparing conditional distributions 

Mattel ecache spect hat backend em afl theo ahd 

hav of comer ‘i hee 
Sapeteninc nce ach coors ol tamrsog me. 
(akc eah cone ened epee rch, 
Tal, and ther wine pce "Vere fable th imma the 


Wine None Frenen allan Tota 


rose 
(0) Casita condtind ctr properties oh typo socks 
(0) Mate sapprepace sap compart entiona etree) 

(c) Arete detrovtnsofunepcses neh tee maseestme mis fret? 
‘Gee appropae dence Romp (]an( 2 apr orate 


Section 11.2 Inference for Relationships 697 


sam 
{vee in tbe phn 

frm 20357 atm T0301 one $o5it 
‘rc cme pn ede 

fm $os20 ae 30019 ote 38-0467 
ers rg ri tp 

fh $0387 nae #80226 one $0417 
0) Rane ppg emp dein pen tne 
LAniotanivg 


GURE 116 Bar gash concer he deen ype wre sold Ser mui 
coer 


(6) Mhetypee eh castmes hy toms diferent arss hth mas 
‘exes Sls a wero (13) erect sls plying ae higher 
eran mc [2.6 rae mse (1513) French win appears poplar te 
(ses sting we me al masculine tai ee ven ras mas plying, 
‘ral ive masc tates th pret of ner ne prhases as sia 


( Yo exerci 27 


Inthe example, we summarized the observed relationship between the type of 
music bein played and the ype of wine bought The researchers expected thal 
‘music would influence sles, so music type isthe explanatory variable and the 
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ype of wine bought isthe response variable. In general, the clearest way 10 
describe histelshonship sto compar the conditional dstrbationsofth response 
‘able for each value of the explanatory varable. That's why we compared the 
Conditional distribution of wine purchaes foreach type of music played. 
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‘The Problem of Multiple Comparisons ‘The null hypothesis in the musie and 

ine exmple 
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paichas forthe thie groupe awed fo the chance kvl i the xo 

Signet of beatmess Theses hype ey tha hee ta deen 

ints espe the naire of at ence 


Hie There ie. dlference inthe dtibutions of wine purchases a this tre 

‘when no music, French aeconion musi, or Haan sing musi is played. 
Any difrence among the thee actual dstibtions of wine purchases when 10 
‘bic, French accondon msi, or alin ting masts plzyed means thatthe 
‘mull ypothese fae and the altemative ‘oie. The allemaive 
Inypothes snot one-sided or twosided. We might call “manysided” because it 
allows any Kind of dierence. 

‘Wit ony the methods we already know, we might stat by comparing the pro- 
potions of French xime porchass when no muse and French accordion mise 
Sr played. We could salary compare other pars proportions, ending op wth 
‘many feats and many Pais. This abd sea. The Palos belong tn cach lest 
separately, nat the colleton of al the tess gether. 


Multiple comparisons 
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“Think ofthe distinction between the probability tat wrt bsktal player 
sas fce ron aod the roby tha se makes her fee hows in 
‘ane, When we do many indhidaa! es or comarut uy confidence 
Intra the individ Plural confidence fees dr el wt hw 
confident we ca be al the inference abe ogeter. 

Because oh fi chesing pi out ne age eee the Wo- 

‘ay tbleand then err sgicance tan twee th on comparison we ad 
Inn For camp he propria of Hench wine ah ure the none 
enchant S413 a 97 =, 
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‘of how to do many comparisons at once with a overall measure 
all aut conclions x comtnon i statistics. ‘Thi the problem 

‘of multiple comparisons. tatitial methods fot dealing with sliple compa 

‘one aly ave two parts 

1. An overall tet ose if there i pod evidence of any diferences among the 

parameter that we want lo compare 

2. detailed fallonup analss to decide which ofthe parameter dif and to 

‘estimate how are the erence te 

“The overall et wes the falar chiaguare statistic and itbutions But thi 

new sting the tet wil be ted Yo compare the dtrbution of a ealegorial va 

able fo sve] popiations o treatment. The followup anal ean be quite 

elaborate. We wll concentrate onthe overall et and ue dat anasto describe 

the nature ofthe deren, 


Expected Counts and the 
Chi-Square Statistic 
“Teper es of 


‘He Ther is no diffrence in the distribution ofa ealegrical variable 
for seyerl populations or eaten. 
LH There va diference inthe dsiibution ofa categorical variable 
for sxcral populations oc reatment 
‘we compare the observed counts fm a trosray tube with the counts we would 
‘expect if Hy were tre. Finding the expected counis i nt that dificult s the 
{ollowing example asst. 
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Thera in the wine ae music experiment in that heres nodiference 

inthe dotrtion of wine purchases i the sere when ne ruc, French accor 
Bos sic olan tig anc pled To find the expected cont, we 
stat by aumingthat Hoste We can se fm the two-way table thal 9 of 
the 245 bot of wine bought during the td were French wines, 
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“The ovrll proportion of Other wine bought during the experiment was 115/245 
465. So the expected counts of Ofer wine bought foreach treatment are 


nm made: 31..75.=9.57 
072 French muse: 3.7595 


072 


“Te following table smmeres the expected counts for al ree treatments Nols 
‘hat the aloes foroo mascara lian ec a the sme because 4 bots of wine 
‘rere bought under each comstion We can check cur wok by ang te expected 
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oto column total 
‘able ot 


Convince yourself that this alternate version works fr the other cells the table 


ott colan total 
oe ‘able tot 


All the expected counts nthe masic and wine sd ae t leat 5. Thissatisies 
the Lange Sample Size condition. The Random condition is met because the 
‘nesments were asigned at tndom. What aboot the Independent caditon? 
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‘Were comparing thre independent groups im a randomized experiment. Bu ae 
indvideal observations (each wine belle sald) independent? I custome buys 
sevel botles of wine tthe same time, knowing that ane bate i French wine 
‘might give us additonal information about the other botles ought by this 
customer. that cae the Independent condition would be vilsted. But if each 
ase son octal wn is conciton probaly et Weetbe 
st, 30 wel proceed to inference Wi 

Tris we dw te chrapore pct, we compare he bse 
‘ours with the expected count ning he saitic 


(bere Rape? 
Sa 


“Ths time, the sum over al cells (nt including the teas) the two-way table, 


EXAMPLE 


As in the godnes- of test, you should think of the chisquare sais 2 as 4 
mest of hw much the observed counts devi fem the expec cours. Once 
gan, age values of ae evidence pains Hy The Pale measures the stent 
ofthis evidence. To ind the Pale cormsponding o°— 1828 inthe example, 
‘neneed to now which chisquaedstibuion to we. We'l go that shot 
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The Chi-Square Test for Homogeneity 
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Reni eam Si, siden cones the ate 
‘aon teeny blend pts te ite 
‘Stress dan os sg ere patos 
teapots Pres br acme ms ctr ie th f= 
(nso free your oss), Tw pose ow 
Tepito 


‘hee het ioe al ct neo 
ivanesteict tees aes 
‘Getribution with degrees of freedom = (number of rows — 1) 
(cenbereechenms 1) The Pecclsicoetotie itl 


“under the conesponding chi-square densiy cure. 
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op indepen. When sping 
thet wplcomen ct tk cereal Puan eo eet 
Peaking Liesl laniar el entrar B 


[Now mere ready to complete the significance est forthe musica wine study 


ater, we sated a sigicance test of 
He There no dflerence i the dstebutions of wine purchases 3 thi ore 
‘when no music, French accordion musi, or Haan string musi is played. 


1H here w eiicrence i the debuts of wine purchans 3th store 
‘wen no mae, French accordion mui, or Haan string musi is played. 


We decided proceed wth caution because. athongh the Radom and 
Sp Scotia ctw om at il cron 
fine bought) te ndependnt. Our cleat estate y= 1825 
rroeusa 

(2) Use tbe Thanet command 

(0) beer te Parone aaa 

(0 mcr lly es ow sae 

sauna 

(2) Bese tty as ews treo tt cet eda ome 
Siupersenhqene ster ha = (S—1)— 1) = tebe 


e Prater fae 3, 


| ‘CHECK YOUR UNDERSTANDING 
Refer othe pens Check Yous Understanding (pg 703). 
1. Use Tbe Ct i the Pane Then ne your autor’ ya command 
2 Inferpetthe Pale he ralalr coext, 
3. What conclusion would you dow? ti jour ane. 


CCaleuating the expected count and then the chisquare aati by hand i a 
bit time-consiming As ual technology aves tie and gets the arithmetic right 


| TECHNOLOGY CORNER Chi-square tess for two-way 
tables on the calculator 3 


‘Yow can me the TLS04 o T1-8 to perf calculations for 3 ehbaquate et 
forhomogencsty, Wells the dat rm the wane and mie ud Tate 
the procem 

1. ine the observed counts in matt [A 


Tavs 9 
‘* Pres EBEI MATRON, snow to © Pros ETE select ¢.nara/matets 
EDIT, and choose 2.2, ‘eiteor and then 3m 

‘Ener the dimension ofthe Adj your settings to match those 
matric = 3 shown. 
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42, Spon the chisquate tt the matrix where the obsered counts re found, 
and the mat whete the expected counts il be stored. 

“Inthe Statistics tor, prem 

(DFO), andchoosea-cs22 3s 

Alpe oa etieg them + Mot raring =e, 

Test. z 


EREH 


3. Chome=Caleuse" “Draw” tocary ont thee. yenichoose"Calealate? 

ou shoul te tet ati, Pr, ard ef stan: pet 
Stan the tribution with ¢ te drawn, 
ill be shaded, and the Pale wl be diplayed 


Tose epider goto theme seen nd aoa ply 

the mats (8) 

yess BENE (MATRIX) and» Frew HDG (VarLINK) and 
hoe B, 


ae = wn 
E #Eee| 


Lets look at an example of» cisgate tt for bomen from stat to 
sath: cum we lbw fae ferep proces fen farbcaiog «spi 
cance tt 


B2ONIR Are Cell-Only Telephone Users Different? 
‘The chi-square test for homogeneity 

‘Random dg! dakng telephone suneys used to exclude cell phone number. 

the opinions of people who have ony cellphones difer fom thse of people 

who have landite service, the pol els may not repeesert the entre ad 

“The Few Resch Center interviewed separate andor samples of 

Cellonly and Landline lelepione mats who were len than 30 year ol. Hers 
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what the Pew survey found sbout how these people describe ther poitial party 


beets 
a 
Pechices H 4 
—conee 2 
be 
momo 
() Conrctmapope pp mpd pnp ab 
[sfrsiperusis 


0) Stina coc ie he il pr in ate 
assjaala rpc ets ne 0 
prio 

Seca a tt, sd ope pps deck 
pits cece ces ar att 
Fanci yl poe amare pp 


‘impr then te stron 
Prone Salus 
Pottica atation atl onty Land 

Doct ost 

nome ow 

i on 


(0) STATE Nena tpromatst ot 
There erence edict party ation 


~ ‘athe adie popitions. 
, Teena ie neds pry aaton 
bons! “\uetevanameppocen 
thes =0.05 ine 


‘UNG Mentions amet shea nsec squat orhemogey 
+ Ran Theda came rem spree radon samples of 6 aly até 104 ne ws 

1 Lay Semple Sr Wetoomed espn Tec Camera yeh eget cout. The 
(alent sunshecntms that alegectadcoorte a st 5 


Thas.02 as.s01 


(28:48 2:38 


+ bpdreRecarchrs to independ snp el naling ne a, 
‘Spinto epacemeet assed she ned tobe est 186) = SEO ce ny srs 
‘erage 50 ada ient 100108)— 1040 anne wesnder age 30, Telesales. 
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0: Ackesqunetast onshore 
+ Reto 


rt 


+ Rae Using = ember rows — 1Yoeberf cms —1}=(8—1)2—1)=2.he 
Paints 0:20 


CONCLUDE Beane cw Ft 0:20, rater than = 0.05, metal reject He Teel 
tno nec tne ut he dito arty aon the cent ad 


lanin we ppt 
e For Practice Try Huereae $3, 


1 fs common practice fo desctibe 4 twosay table bys ber of rowan 
column Forinfance, the dat in the previous example were given in 3 2 
table The following Check Your Undertanding inahes a5 2 table 


‘CHECK YOUR UNDERSTANDING 
(Canad ha wine eal cae The Ue State doe tb een fen mane elabo- 


‘at etme pine wth acon How do the tow ape compte n tren Rea 
‘hac? Researcher spurl endorse of 2600 US. and $00 Cava het 
‘ack pat, On ay cucu wrth patente mcnnt of ql of Me 
‘elite that hd on ere chet atc. are daa bt the atc who 
prose pices 


ie among bent ck pene Cant ed the Une State. 
2 Iere ation ifcener beeen the to dtibutons af quali i ating? 


Cary outa apropntctnte Bhe w= O01 eel 
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Follow-up Analysis 
‘The chiaguat tet for homogeneity alls to compare the dstbatin of a 
arable for ay numberof populations ot tealments te es alms 
‘to vejet the mull pothesis of no dilerence, we then want to doa fllowap 
‘mahi that examines the dilewences in detail. Star by examining wich ells 
the beoway table show lage devabons between the obsered and expected 
‘counts. Then look atthe individual components (Observed — Expected yop 
‘which tem contribute most othe chraguae statistic, PAPE! 
Our eater music and wine stay found significant Aferences among the 
sation of wines purchase under cach of the tee mae endo We 
er the ro-ay tbl forthe study to Minto sofware package ad requea a 
‘agit et The oupu appean in Fgue 117 Mita repeat the fos 
tas snes al at the pected cot reel bow ti 
there cot ily he sere pis he ®nal competi a 
‘contribute to the static 


‘otal 


‘tat 
entry = 

QURE 117 Mea tt tonya ne re and mui td Th opt ee 

‘red ns Pepa cares we reve corpora he gle 


{Looking a the outpt, we se that ust two ofthe nine components that make 
tp the ehiaquatesatisic contribute about 14 alot 7%) of the total x2 = 
828. Comparing the observed and expected counts in these two ells, We ae 
that sales of Ralan wine ae nich below expectation when French mas pla 
ing and wll abe expectation when Tali misc ie playing, We ae Ted to & 

Conichason: sales of falian wine ate strongly affected by talian and 
French msc. More advanced methods provide txts and confidence interval 
that make this followup sass more complete. 


79, OF = 4, Pevalue ~ 0.008 


Comparing Several Proportions 

Many sorb involve comparing the propetion of sacemes fr each of vera 
‘opsltions or esments The teosmmpe «fet frm Chapter Ill sa et 
{he mall bypothess Hp = pr whete and pate the scua proportions of se 
‘ese forthe te popolations or Bestments The chisquae ttf homoge 
Silows uso test Hep, ‘Pe This mal Inpothesis ay hat hee & 00 
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Aiference in the proportions of success forthe & populations or teakmens 
‘The alternative hypothesis H.-at leat two ofthe prs are diffrent. Mam 
dents incorectly wate H, a “alle proportions are diferent” Think v 


bout it thi way the oppoite ofall he proportions ate equal” isome 
fol the proportions are not equal” 


ba¢N98 Cocaine Addiction Is Hard to Break i 
(Comparing proportions of successes L 
Cocaine addicts need cocaine to feel any pleasure, so perhaps giving them an 
Sndeprenant dig wl ep A threes sty with 72 chro cocabe wen, 
‘compared an antidepressant drug called desipramine with lihiuin (a standard 
a a re ee ee ae ees 

Iv aged to recene each treatment ee ae theres? 


‘Goeaine Relapse? 
Group Treatment we No 
1 Omen tk 
2 town " . 
— 2 “ 


(a) Ma raphe compare heats cc rep the tre treatm Deer wt 
use 


(0) Arete tires btmen sh tre pups stattiay wget othe Ele Git 

propre ence a seperyerse 

souwion. 

(2) edtrbvtons of cca apt xcones fre re teste up e 
Dope te 


hm te 
Harte Yo 


‘hebar gph 1B compres the roprtin a ject whe 

ape ee oa Amech ealer prpertin sets 
‘pada th depron gop thane hamerpste 
Coal 


a 


IE Foanermeogee 
VE: SWE tetopetenste 
i Fy A Revbeeemtrtecpantat 


FIGUME 118 ar gach comparing operons 
locas acts wo rlapeed nar each roe 
Seem 


ABOUT 
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Ae eons met. Shady tc sare efor homage, 
+ nde Te js ee deny indo th tee reste ous. 

1 Lagoa Wecan sara ore at expert cuts othe ay 
‘aie scaming hat tae 


sewn esti pop nae ta rather 
ca ebapataeaecameataae cara 


nape teititeeratreciranesis 41 5 theaalomts 
Soustemecisten 

+ kaput Roateendeseinneeseriotspea ges iacayooni 
Fh pelenprepernneeatarsinrtmsrny unre /ae 
Serceceeenmcicctoenacrnamet 

‘00; Weed the clitersch-quare test dete cations, 


tsa 
re 


+ Pee Wht = numberof rws — Yamba of clams — 1} =~ 1) — 1) =the 
aleater pres = 00082 


CONCLUDE. Bease th Pn 00052 estan = 0.01 weave sft ene 
opt hades the eps ates hehe eee Rt a esaME 


@. For Practice ry Hxeree 37 


‘What if we only want to compare two proportions? We have two waysto do 
thic the bro-sample = tet fmm Section 10.1 and the chiaquate let for homoge: 
‘city based on 22 « 2 table with 1 desree of freedom. both cases, ot il 
hypothesis is He py = ps. This hypothess sys that there is no diference in the 
proportion of saccewer forthe two popelatinso¢ treatments. The alternative 
Ipetess for the chaque tet that hese proportions ae diferent, which we 
ve as Hp) = That, the chi-square ts is equivalent to the twoaample = 
testwitl a trond altemative When the condition: ae mt, these Keo ts give 
the same Pralue In fat, the chisquae ttsic i jut the square ofthe fwo- 
sample «tate 

‘We cannot sae 2 chiaquare test for a onesided allemative hypothe, The 
teousmple = pmcedures allow us to perform one-sided tets and tn construct 
‘confidence infernal for the diference between proportions. For that reason, We 
recommend the Chapter 10 methods fr comparing fro propertions whenivet 
you are gen 2 choice 
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“The following Dats Exploration gives you a chance fo examine the connections 
between thee to diferent methods of companng two proportions 


DATA EXPLORATION Secondhand stores 


‘Shopping at secondhand sors becoming mote poplar ad has even attracted 

the tention of busines school. A study of customer’ ates toward second: 

hand sores interiewed spatate tandem samples of shoppers at 

‘wo scondhand sores f te sme chan in ois. The table 
breakdown of respondent by gender” 


om 
te e 
J = 


To 20 ae 


Minitab outpt fromm chisquate fs and fram tworssrnple = 
proces er comparing two reports shown Belen 


cht-equara tases city 1, city 2 ‘rest and cl fr to Proportions 
‘pected cuimia are printd below huarvad cots Sepia XE Semple p 
hi-wguare contributions are printed telow 2282 ovsenaae 


sapected counts 


chi-tq = 18.04, oF = 1, P-vaiue — e000 


1. Confi that the chaque statisti actly the square of the twosample = 
slatste 

2. Use lechnology to ind the Pale accurate to $ decimal places for both 
Significance tet Confim that these alae are the sme. 

3. LUseall the information provid to prepare bre epot forthe regional 
‘manager of ths cham comparing the schsl proportions of women who shop at 
these feo ores 
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‘CHECK YOUR UNDERSTANDING 
Sarpl oneys an acne ses cam ge fen ele ro te ee 
‘Son faked A Unneray of Wacom say nde ide 7400 respondent no 
(fece grup Al putes wee hey had ever ned covsine. One pop af 80 
istered by ple, 21% aid cy had ned occ: Anaer BOD people were 
Thaker secede, 3 wid “Yex"Theemaising BD 
troalloved rake st ancnyre mton porn, 2 id "ex" 
Wath an expert oan cncatona tah” Jy anener 
2 Mikeatwomay ble ofrpomer about crane by how the mine admin 
3. Are the difeence etc the hr gp atic sient? Cine appropae 


Sake appt yor es 


Relationships between 
Two Categorical Variables 


Two-way tables can are in several wat. The nase ad wine expen! compare 
thyce mune treatment wig independent groups of abseations. The phan we 
ad poliieal pry afiaton obsenathoral sx compared sndepenident radon 
‘amples fom the cellonly and lane user population ts bo es, we ate cm 
pte dainusion of atognical vara im ara populations ot Wea 
‘We me the chau et for homaprnsh to perf inference in sich stig, 
Auothercomitonststion that Yeats to twoway table is when 3 eingeran- 
on ample of rial chosen rom egle population aa then cane 
‘according to two categorical variables. tn that ease, ot gal to analy the rela 
tNonship benacen the variables The next example desebes 3 sudo his ype. 


‘Do Angry People Have More Heart Disease? 
Relationships between two categorical variables 

Ast loved» and sample of 44 people with oral lod pres 
ara ‘oe ‘Reelin ofet de 
the beng ofthe stay Fach peo ger Tl Anger 
[olaang teeter eh rreeatigiis 
Researches ho wecorda whet each ndidl developed conn 
fet diene (CIID). This includes people who had heat lch 
thw who noted cl estment reat esse. ete 3 Hoy 
tale tha somomrizes the dat 


Tow anger Moderate anger righ anger Tota 


oo = ‘2 nom 
ae et esac 
rosie. 


1) Cah psec ei pris drt 
‘stoma fetes arias OD sate 

(P) Matesee. ted rap ha compres he coin stato ipa) 
(e) testo secnces escrbing te tionship hee thn arabes. 
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RGURE 11.9 Br gach compte par of pe a 
och ane ago cay ase (0) @ 


Angst ating onthe Spielberg scale 3 categorical variable that takes thre po 
sible alu fw, medhum, and high. Whether or nol someone ets hear disease 
tbo categorical arable "The two able the cumple xhows the relationship 
between anger rating and heart daease fra andom sample of 8474 people. Do 
these dita pride coming erence ofan omcciton betwee the able the 
lang population? To answer that qustion, we work wih anew sgicance ts. 


The Chi-Square Test for 


Association/Independence 


‘Wecfen ptr taro undo spe ane rang tenis oy table 
Dinter Cecitad T spe  t Dry 
(avg tr cnn pent ae lic Ptcen - 
‘lac thematic vd 2 ition tech se 
‘arable inthe ene poplaton” Or coal the sample action easly are 
jotta aan atop? Tha ra quien rasa 
‘uel ype it tee fan aero teen the eo cei 
verbite, The arsine pts sn thee rae bce te 
‘Srables forthe abrton) ty of any vel comma esc. me 
Tinttotat the paces 
Bihan meni btn sped od dm 
fn popes pple html ond pre 
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He There san asocision between anger level and heart dicate 
‘nthe population of people wih normal blood pressure. 
[No asociation between tro variables means thatthe value of ane variable do 
ot tend to occu in commons wih values of the other Tha i, the variables are 
Independent An equtalet way to sat the hypotheses therfore 
Hg Anger and ear scat ate independent inthe population 
‘of people with normal blood prewure 
Hs Anger ad heat dca ate not independent in the population 
‘of oople with normal blood prewure 
As with the two previous types of chisquare tes, we begin by comparing the 
‘obierved counts ts two-nay table with the expected counis if Hr, 


Do Angry People Have More Heart Disease? 
Finding expected counts 


"Ther is that there a0 awoxiation belween ange level and heart 
disease in the population of isleret Hf we ante that Hy i tue, then 

level and heat diease ste independent. We can find the expected cell 
‘counts in the two-way table using the definition of independent events fom 


{Chapter MAT I = A) Letty comeing the events CID and 
owas” 

Torseer tose ager Fah ager To 
eer ve ze 
moo xe “= ~ 
ume am are 


CHD. If we imagine choosing ne uf these people 3 random, (CHD) = 
{908474 Hecneangeel and heat deat independent, owing hat 


190 
n= 


tw get CHD, We cold ao write thisat 
190-3110 
pz 
‘You can sce that the general formula we developed eae fo a test for homo= 
eons apples the stato alo. 


7 
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the Random, Large Sample Sie, and Independent conditions are met, the x? 

titi ealeulated from a two-ay tale canbe sed to perform atest of Hy: There 

{ano asocaton between two categorical variable inthe poplin of interet 

‘Pealues fr this test come fom 3 chsquare dstibution wih df = cmamber of 

‘ove ~ (amber of columns ~ 1) Thisnew procedure isknown aa chiaquare 
awoctaton independence. 


test or 


prs th sm sn al call nthe say ble Hs, 
the x static har 2 chisquare diribution with 
deggees of freedom = os — 1) of alums 


| Random ‘The dats come fom a rndom sample or rndomized experiment. 
“Lange Sample Size All expected counts are at leat 5. 

“Independent ncvidasl obsenations are independent. Wren sampling 
‘without replacement, check thatthe popultion st leat 10 times a large 
2 the simple (he 10% condition). 
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[Naw we're ready to complet the significance tet for the anger and heat di 
exe dy 


Do Angry People Have More Heart Disease? ik 

Chi-square test for association/independence 
i vere and 

al gerda st! expected coumbs for the CHD and 


—__ waren ewes 
Tow Moers igh Low Wogerte High 


woo my sacs aaa 


[Bo the dita prose convincing evidence ofan asocaton between anger level 
and heart daca the popalaton of inlere? Carryout an appropriate ta 10 
help animer the question 

‘STATE: Menuet toperematstot 


He Meron asain ete are anda dese he 
poplrice ol pape whom Wand eae 
1, Team assciton betas ere ada dscns the 
Popliionel pepe ema Men eae 
‘Saco spice na sated west = 0.08, 
A ews met oa cry ot c-sgareest 
+ ado The ita cme rs nda sample 474 pew orm end eae. 
* ay Sople Sar Ath nected com estes? conan met 
‘Became m cpg ht pico nad tcAt th te otal ber 
‘peop pp wh nad psa est 148474) = BA 740 seen 
‘exten Te nowy hearst thats eprom te td pes 
‘me ton wt tera the ates era ote bere 


8 


es 
{SAPP 10 s06o8s | Gos e18oM 


=40+ 0.5+40265=16077 
1 Pee Teeny te ere sas her ese has 2 rows ed clus: Mew 


‘edie Tecoma "ct (077, 2080, 2| gs 000082. 
CONCLUDE: Beast Pl ety sth a =0.05 neh sit eds 
ee Madchen ease ascent ope pp 


hoes bend preaee e 
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‘Can we conclude that pronenes o anger cates heart disease? No. 
‘The anger and heat disease study in obseation| study, not an 
experiment It in suprsing that some lurking variables re con- 
founded wih anger. For carmple, people prone lo anger are more likely than 
otherstobe men who drink and spoke. We dot now whether the increased rate 
of heart disease among those with higher anger levels in the study i due to their 
anger or perhaps to their drinking and smoking o maybe cven to gender, 


(CHECK YOUR UNDERSTANDING 
Many popular busines are anc think of MeDonal', The owner of cal fan 


chine befits fon the band rewton, atoal atin and deta unin 
[provid by the funcine cain In ctr, hea he pe es he anche i ad 
"yet fllow ts pies The latondip bower fhe al owner and he fhe 
‘om pled out deacon 

"One cane tha the contrat ayo may tt contain he entveprenen sigh 4 an 
‘elie troy This meat da dence tt wl be the only repre of the 
fenchie in speed doy ad wll ot hae compete wth ater eutle o he 
sume chain Hw ds he presen excaeSertny eae in the cont eae 
tee ural othe bane 

"Atay Sve aloe dn qucton collected dat om tnd sage of 170 
‘nc bach fo To ater Yarble wre seated ft ash acl 
the anchor war clea saceeafl ott toed wht or ed a il er 
tn fancies mos eran dae Secor, te contact cach feline bere fat 
thes wor lene accordg ts whet rt re wenn xc erty late 
Hye we the cove data, ranged interme) le 


cease Yor 
~ os 
‘ * 
www 
ston te dl eins sav Cy a an spnpte  a ino  OT 
Using Chi-Square Tests Wisely 


start with 2 two-way table of observed counts 
“Tey evn calculate the test statis, degees freedom, and Pale in 
the same way. The qurtions that hse tuo las arwer ar diferent, however. A 


Both the chisqare tet for homagenety and the chiaate tet for as0- 
‘ution dependence 


chaguae tet fo tests whether the dtriuton of eategorcal ai 
bles the same fr each of sever forreatments The chaqaae lest 


[ons aking about dierencesbetecen proportions rth dtibaen of vaahle 
‘when atest of asociation applies Sometimes, people oid the distinction aio- 
{sther and poe questions about the relator between two arses 


for Relationshipe 719 


Instead of focusing onthe question asked, ifs much eair to look at how the 
ats were produced. I the dats come fom twa or mre independent random 
samples or treatment groups in 2 randomized experiment, then do a ehisquare 
test for homogeneity the data come from 2 singe random sample, with the 
indus claw to two categorical variable, wie 2 chiagare tet 


Seary Movies and Fear 


Choosing the right type of chi-square test 
‘Age men and women equally likely to ser lingering far fom watching 
‘ary monies a children? Researcher ated a sample of 117 college sh 
dents o wate narttivesecounts of thet expone to scary nies Before 
the age of 13. More than one-fourth ofthe students said that some ofthe 
fight rmptoms ate all present when they are awake. The following 
table real down these seus by gender 


Frqnteymptoms? ale Female Total 
- 7 ” ou 
te ” © f 

Tou 2 7 w 


Minitab opt fr 3 


(ht-square Tests male, Female 


tiene are printed below expected counts 


|e) Miche contre mest thesauri nwa ay ethic from 
‘es tena pene gers? 
(fete eee conert Whe cnc nodded 


01 


ee 
‘Awe mentioned in Copter, pouile comer quantitate aie 
to' cael aie fn rouping nero alae gether, or nas, 
the sly shoppen in secondhand sone decribed nthe Data Exploration 


(gage 712) alo compare the income ditibutions of shopper inthe two sores, 
tea twosnay table of counts 


‘aye 


Fenonal income ia quantitative variable But by grouping the vakus of his va 
abl, we create 2 categorical variable. We cou ue these data io cary outa chi- 
Square ts for homogeneity beeatie the dat cane from depend ead 
‘amples of shopper atthe two sores. Comparing the dstibations of come fr 
Stopes athe ro sos wok gre oe noms than mp corn, 


‘What can we dif the expected cil counts are la last 5? Leto 
2a stain whee the foe ee. Ample sey aed a indo tne of 
Jotng sl, “Where do one non? That wher: oy say mt en” A 
brow lble ofall 2054 people the sample (ath en and women) cid 
bp aged by heey Tes pve elo Living arngement 
Cleo varie Even thong ag quanti, he oay tae el ge 
t= rag te young sao ar loping Th tae geste led 
unt fr 20 entiation of op el grange. 


sae ears) 
eng arangement 8 Teta 
Paes a om 7 om ow 
sooner peste zy ¢ © 2 «© 
— wom wat 
opps 2s 8 © = © 
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(Our null hypothesis is He There ino aociation between age and where young 
‘people line. The able below shows the expected counts assuming Hs true. We 
‘an sce that two ofthe expected counts ele in ved) are less than 5. Ths io- 
lates the Lage Sample Size condition. 


A clever srsegy i fo “clap” the table by combining two oF more "9 ot 
column. tn ths eae, it might make sense to combine the 19- and 20-year 
becate they are sil f typical college age: Doing so and then running a chi 
saguate ts i Minitab give the fallowing output Notice thatthe Large Sample 
‘Sue condition i now met 
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(e) Them 
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(ec) There weak evidence that HOC ents ance it 
shilken 

TTHLIO. ATyge Ler would occur f'n ened dt 
(a) HCC wing cated cancer when actly id 

() HOC wiring dt one uncer hen taal 
{c) there no manetion between the pe of wing and 
‘he form af ance when the actually an anni, 

(d) there wan anocation heteen the ype of wan and 
{he farm of caer when ther actaully no wnaciaion, 
(6) the type ing and the form leaner have «ps 
{hve soeltion when they actly doa 


Section I: Fee Response Show ll your work: Indicate leary the methods you we, becaute you wll be 
raed on the comctnes of your methods at well onthe acaracy and completes of your result and 


explanations. 
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‘restment ‘srest rest 
Thamewaiqaae a7 = 
ton = a 
sane 1 2 
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dace igett yout aa 

(Which ce nthe table cmb mt the rea 
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Introduction 


Inference for Linear Regression 


‘Transforming to Achieve Linearity 


Chapter 12 Review 
Chapter 12 Review Exercises 
Chapter 12 AP Statistics Practice Test 


More about 
Regression 


Do Longer Drives Mean Lower Scores on 
the PGA Tour? 


pee 


“The ope of the leastsqpuares regression line for the sample dat ie about -0.02. This line predicts 4 
(0.02 deereae in average score per round foreach I yan increase in average driving ditnce. Buta 
lope of ~1.02 i very clo to 0. Do these data really ive convincing evidence that the slope ofthe 
true regrenion line forall 197 POA Tour golfers is negative? By the end ofthis chapter, youl have 
developed the tols you need tanner thi question, 
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Naconmieran mire 
serge ee 
agen dymna 

Seuczua es ue 


{When ascatterplot shows linear relationship between a quantitative explanatory 
variable and 3 quantitative response arable y, we can ue the Feast squares line 
Sted tothe dats lo preity for 2 given vale of «If the data area random 
‘ample from 3 lrger population, we need tastical inference to answer questions 
Methese- 

‘+ Isthow realy linear relationship been «and y inthe population, or 
‘could the pattern we see i the seatrplt plausibly happen fat by chance? 

‘Inthe popalation, how much will the predicted value of y change foreach 
Jncrease of unit in 2 Whats the margit of enor for this extimate? 

Ifthe data come from a randomized experiment, the values ofthe explanatory 
variable correspond to the levels of same factor that is being marupulated by the 
"catcher. For tance, researchers might wat to investigate how temperate 
affect the hfe span of maxguiies They could setup several tanks at each af ev 
eral eiforent temperatures and then randomly sign hundred of monies 10 
cach ofthe tanks. The response variable of interest the averags time (in day) 
from hatching to death, Suppose that a scatteypot of average Ife span ver em 
perature hat linea form. We need states inference to decide its plausible 
that thete & no linea reltionsbip between the vaabes, and thatthe pater 
‘obwrved in the graph die simply to the chance invulved in the random 
‘augment 

Tn Section 12.1, we wil show you how fo estimate and test claims about the 
slope of the population (ie) regret line tht describes the relationship 
‘between two quatativ variablen ‘The following Activity gies you 3 preview of 
inference fo linear repenion. 


ACTIVITY The helicopter experiment 


MATERIALS: 5 copies ofthe Geng Ber blcopes template fom the Teche esure Binder (ot 
(© the bok’ Web sit) ses, tape measue, oprathes 


1 the neat sao heer the high fm wich pape i 
Stlcal lth test pt yor as ol 
per sr exprint eve is con? 

1. ll the eto pied wt the temple cmt 50mg 
‘ proved wth th temp og 
2 Randomly aig 10 cope ech fe te! dp gh (The 
Cspeinent worse ropes eto mre) 

3. Werk nem olen the hcp fm th nigel dop its and 
trol the decent ins 

4 Make scat fthe sin Sep 3. id the nda esnion ie 
foc preicting decent ie om op gh. 
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5, Interpret the slope ofthe regression line from Step 4 in context. What is 
your best gues forthe increase in descent me foreach atonal foot of drop 
Tight? 


(6, Docs itseem plausible that there ino linear relationship between descent 
time and drop height ad thatthe observed slope happened just by chance due 
tothe random asagaement? Discus thivasa las. 


Sometimes scatteyplot reveals thatthe relationship between two quantitative 
‘arables has 2 strong curved form One statey iso tsnsorm one oF both van 
sik tha he pal sows nes pte. Then we ca we ea, 
regres Wo Gia linear model i the data Section 122 eamines methods of 


transforming data wo achieve lincaniy 


Inference for Linear 
InSectin 21, Regression 


ts laermnepriae Inch we uid ato ruth OM ath ot. 122 
 uaaR es pee ere 
cat) m2 fa single month. The leasquaresregeton ine for 
+ Condes fer this pop Psion stot gh ean 
: E97. We ca ‘population regrestion line (or tue rereion line) 
aman ncn eel ones nth = 
+ Bstimating the 
parece: 


= Consrsting 8 
‘confidence ites fr 


‘GURE 122 Seat ibe 
‘sonora ovata 
rug ol i Fa fe ak 222 
‘eugiosna sre meth The 
‘pun mast =ques ine 
Somnus 


‘Soppone we take an SRS of 20 eruptions frm the population an calculate the 
lentes region lie $a = br for the simple data, Haw doe the slope 
‘bof he sample regreion line (a called the extimated resto line) relate 0 
the dope ofthe population regression line? Figure 123 shows the resus of aking 
three clerent SRS of 20 OM Fatal eruptions in this month, Each graph di 
plays the seleced points and the leastaquares segreson lie for that sample 
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‘snp json me 


simple jaan. 


samples j-t604778 


FIGURE 123 Scag and ea squesopeeson net bs en SRS! 20014 


Fa engine 


[Notice thatthe slopes ofthe sample rpresion lines—10.2, 77, and 9.5—vary 
quite abit fom the lope ofthe populltion rereuion line, 10.36."The pater of 
‘ariton in the slope Bis deserted by is sampling dstibution 


FIGURE 124 Obl aga bef eat are 
ragescn i 100 emia SRS y Far uae 


/ ie 


Sampling Distribution of b 


Confidence interalsand significance ess bout the pe 
oe pace npr nn bo 
he slope ofthe sample rexresion 
ne We ed Fathom fansite Soong, 100 
Sy f= 20m the Oa dal ah ine ca 
culating the equation fom a-be of the lege, 
tegen he fe mane igre 124 apn i 
ter fhe lope forthe 1000 sample regesion linc. We 
have added vertical leat 10.36 comeponding Yo the 
actual slope of the population tegresion line. Lets 
seni in aprons ampli tition of 
Shape: We sce that he daibtin of Beas 
‘cay yet pd unimodal. ee 125) a 
‘Neal prbuta plt ot tho spl rein ine 
spe The srg ina pater in he raphe hat he 
pfu pling detnbm of bce Nera 


5 — 


FIGURE 125 (a Noma tity peta spa ie DD sarge ages pes Fe 124 Tha ed 
decane n Fie 125) ers Namal ert wh rma 15 sy eo rant arr aon 120 
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‘Center: ‘The mican ofthe 1000 bahues 10:32. This yl ie quite clos othe 
slope ofthe population (te) regresion line, 10.36. 

‘Spread: The standard deviation ofthe 1000 bales e131, Later, we wil se 
‘Ht the standard deviation of the sampling dtbution of bi actully 130, 
Figate 12 5(b) sa hisogram of the balus fom the 1000 simulated SRSt We 
tae mperimpend the deat cave fra Norwal bin with mean 10.36 
‘ad standard deviation 130, Ths cure models the approximate sampling dst 
bution of the slope quite wel 


Conditions for Regression Inference 
Ween fia ine to any data relating two quantitative variables, but 

ony the sateplt shows lina pate netence al 
ream eu or dtd eon, Bee the els ne 
tence oflencopeem sae the conn dsebe the poplin and 
tow the date produced on The ope band inept eee quaes 
Iie ae ntti Tha we cleus tem oa the sample dat, These sais, 
sould ate omewhal dierent ales we repeated the da prducton proces 
tewregwmerne Dever Tdoinrence, hk ofa and bens ef know pantera a Stat 
‘ostererprbetien when deveribe the of interest 
Teens sampansty” ete ae the conditions for performing ffrence about the near renin 
‘noc mod. 


Neral fiacd value of , the vate to 
ay 4 the repo y varies acon lo 8 


ope ce dene lt tae 
af Tem ann dh 6 al lowe 


Figure 12.6 shows the regression’ made when the contions ate met in ple- 
ture form. The line in the figure isthe population regression line jy = a +c 
For each possible value ofthe explanatory variable x, the mean ofthe responses 
‘ipl =) moves along this line. The Normal curves show how y will ary when x 
feheld fed a diferent values All the curves have the sume standard deviation 
12,0 the variably ofy he ame forall valves of x. The value of determines 
‘whether the pots ll close tothe popslation regression line (small 2) oe are 
‘widely seattred (ange 0) 


‘ROURE 128 Tae regen med wna bw cri rence ae et The 
leat popuaton fe) erent ne which sows hw eran repre 

Sarge se eotueaory vrai rng Ft any nd was be 
‘Saeed rons ret crane Nea deeb amg eat 
ecard teen 


hat does the regression mode in Flgre 12.6 al ws? Case he pop 
ttn ofa ep thc Ok Fi gover nage es Preacher po, 
{tebe te Son ey sey Br ttf ee te 
tenet erp: Supe tat coco geo ies at 
tisdale a he pelt regen ney 3+ 10 ft he 
‘pra aude ine gb = Lets ace on fe eprn atnd 
{Pram eth cpoptato 

The sna fine ni he api a yy= 34+ 1042) = 548 
site 

The okra teat et rption tl Noa ton vith 
incan A meead and eis 6mc. 

+r about 55 oft erpon the neal tine i the net erpton 
beeen Oe) omnes 20) am 


‘You should always check the conditions before doing inference about the regres 


Checking the Conditions Although the conditions for regression inference are 
2 bit complicated, not hard to check for major voltions. Mos ofthe cond 
‘hon involve the population segreion Ine and the deviations of responses fom 
this ine. We tmaaly cant observe the population line, but the least ques line 
cstimates#, and the residuals estimate the deviations frm the population line. 
‘We can check several of the conditions for regrenion inference by looking at 
saps ofthe residuals Start by making 2 histogram or Normal probability plot 
ofthe residuals and abo a residual plot Here 2 summary of how to check the 
‘conditions ane by one 
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‘Nomad Make 4 hsogram, ot Neal probability pot of the 
Tells ict car somo er ae eps 
‘Fagus variance Look athe seater ofthe residual above and below the 
“reach = 0" hie i the reidal plot The amount of cater shoul! be 
roaghly the same ftom the salto the et eva 

+ Random See the data wee produce by random sampling or aon 
teed expenument 


{ety lok at an exanple that ltt the proces of checking condiins, 


The Helicopter Experiment 

‘Checking conditions 

‘Mx Barts cla id 3 varaon of he oper expect on page 738. 
‘Stren andomlyasgned 4 copter each of fe cop ight 19 ce 
tiers em), 203 em, 2 em, 307 em, ad 43cm Teams a ket lead 


{Sr hokey spend fern elt el ened 
So mane ln Maeno ea pas opin 
trap or thoe at Ascot Neg ol Nua pe 
bility plot ofthe resus are shown below. Le) 
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PROBLEM Check whether the cndions fr eran nec short the repesin del 
ene. 


‘SOWNON Nese ee INR ACO 
+ ir Te sate stows cerca For ec raphe sed th eptinet, he 
essa cmared he broth ein pot ws random erat Ne 
vsti 
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+ Ramat Theis fre nge pea ind an some el taped I 
dn he Neral papier vet ea | 
+ Guru hel plot stows dar mcr sae aoe the eal = One or 
‘the 182.205, 254 aad 642 cm rp ep Fgh nes andthe corresponding res) com 
‘vary morelr heaps tre doped omaha of 307 
+ md hehlcptr metro sgl et ost dopa 
‘ceptor ash cance aot he eure cndon we sod satpro 


ce at hers mad th tng. 
© ‘For Practice ty Ese 1 
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Estimating the Parameters 


‘When the conditions ae met, we can do inference about the regression model 
j= 2+ fe The fit step iso estimate the unknown parameter. Ifwe cae 
{aie the least squares regreion line $= a'+ be, the slope b isan unbiased est 
smator ofthe tue slope 3, and the y intercept i an unbiased estimator of the 
true y intercept a. The remaining parameter is the standard deviation 0, 
which describes the variability of the response y about the population (tre) 
regresion line, 


‘Seat scion 
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‘now ae re 
ira iar 


Wen moa 
nam yin 
oes re 
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“The entagaresrgrenion ine computed fromthe sample dat estimates the pope 
lion ue) regression ine. So the edu eximate hom much y varies boul the 
population ine Because ithe standard devon of sponses about the population 
{luo ggemion ln, we estimate ity the standard deviation of the esis 


Recall om Chapter 3 that «describes the sizeof “iypical” prediction en. 


‘The Helicopter Experiment 
Estimating the parameters 


Ser ee 


‘Regression Anas: Pag tine (nc) versus Oop height (mp 
predict cat cet TP 
rep hatght (cx) 0,0067344 9.000301 38.37 0.000 
so. = 92.38 wongingy) — 93.18 


“The leastaquates regression line fr then data 


tens ~ 00761 + 00057244 dp hh) 
“The dope 3 of thet epeion ines fa mich the aerag lg i of 
fate lorlar te meprleinptaplen steep} petiole 
fects b= OOOH eames the inion we eae eon shrage, 
flat time increas by sbent 1005746 second foreach aden) centile 
ble hag 
‘We eed the ike = 0.9776 fod the fn and ake att 
Tet mening in ti empl Ns le np fn 
jem, owe uve wo sna = 0. We might expect early nee 
eft lant hehe Hae oe rhc 
{ofl datas They cpt of he ple genome 003781, which 
‘pty ce to. 


‘cia fr the stad deviation ih ine abut the te regen 
Ene aech eee k= 0108 coms The sar thea ofa pct pee 
ton eerie wc the ena repenon hie opr the Bg i of 
teheoper fom rpg 


{tis pose to do mference aoxt any ofthe thse parameter in the texan 
mode a, 3,0¢0. However, the Jope ofthe population (rue) regression line i 
‘anally the mont important parameter in a reyes problem. So well retit 
‘ur atlention a nferene aboot the dope. 
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‘The Sampling Distribution of b Again Lets return to our ealer 
of Old Fathfal eruptions. For all 222 eruptions in single month, the populs- 
tion regrention line for predicting the interal of ime unl the next eruption y 
fiom the duration af the pevious eruption x is = 33.97 + 10.30x. The sta 
dard deviation of responses about this line ix gen by = 6.150. Figure 127 
shows the appeouimate sampling dstnbution of thal we generated beloe. 


‘AGURE 127 Tho senng 
‘atroton oe leper sarin 

‘w= 29 eta Ths ruler (ig a ea a 
a ough Namal shape wth san = 


‘hut 10.58 andar ovation #30. 
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Locate fe ee rn 
Shope Nema 
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‘the slope sampling dributon of b wit the standard emer ofthe slope 


ere ce 


bia estimator of) 


‘What happens f we tan thems of by tan 
arising? Since the tmpling drut a bi Nor, 
the tate 


thar the tanedard Normal distibution. Replacing the stan 
ded deviation 95 of the sampling distin with it 
Standard ero ge the static 


boa 
‘SE 

which has 2 irbution with » — 2 degrees of fredom. 
(The explanation of why &f—n — 2 is beyond the scope of 
this book) Figure 125 shows the result of standardizing 
the yal inthe sampling dtribution of b. The peri 
posed curve ina distribution with df 20-218. 
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Constructing a Confidence Interval 
for the Slope 


‘The slope Jef he popalation rue) regression ine y= a-+ Acs there of change 
ofthe mem esporse 3 the exlanatny variable ancteaes, We efi want esate 
|The dpe bf the sample reese line on point estimate fr A confidence 
Intel stoore seal than the amt ena haus shows how roe the et 


mat b iey tobe The tera for as the fai for 
statistic & (rial value) standard deviation of satis) 
Because we use the static bas or estimate, the confidence inleral is 
base, 
‘We ell this. inter forthe slope. Here ate the deta 


TPT n Line 


tery wa and the critical value fo the rdatebuton with df= — 2 having tea (> 
between =e and 


en at ne coenee: though we pe the formals forthe standard ero, you should rarely have 
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‘ne repeat the dats prodiaction prea mat ms 
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f= Senet py We sed con sng ce 
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‘Regression Ansys: ght ime versus Drop heght 


rep Retght (cm) 0.00 


gags) — 52.18 
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(2) Wey seated erro th sop, 0.002010 fromthe SE Ce” 
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Nite From |. 025 68 meget = 1.985 Ter BER conte tall 


(00057244 + 1995/0. 0002018) = 00057244 +.00004026 
"= (20058216,0.0061270) 
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Does Fidgeting Keep You Slim? aa 
Corker een 


ep bep sy Sraniatgee erences 
‘Tey measured ft gan (in blogzams) and change in enexgy nse (in ealo- 
rics) from actnaty cer than deliberate exercise Adgeing, dally lng, 
| and the ike—for each subject Here ae the dats 


"ROBLL Comstactand ite SOR conice tar he lope oh popstion 
epessnne 


‘SUITE Weiler tps. 


STE Menon toes tetra spe oft opin ges inet HEA change 
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PLN the contin ae et eae teal rte Spe testinate 
+ Ur Te seater stows ace ear per As the recap hows arndon cater 
pasate he sda = Oe 

+ ped id ebseratons ofa aisha depend fe Sad caed 
opel Beane esearcrs Samp test repcemer eee abet 

10(16)= 160 tety oy ads te popationctinteest. 


yuan shad omen ots ether stro psa the 
esl = Ole oet the Samet aes 


+ ado The sabes eh stad sere rnd Sere tpn. 
he svt ncn od ste dines rg 


0, Wewsthe stabi wih 16 2 = 14 depres oreo id the ct le Fra 

‘Stale el thee miu = 1761 Sethe BOT codec tena 3s 
‘Spoon wares ‘e's, = ~00034615 £1.76300007414)= —000s4418 00013086 
bane nanan se ‘=(~0004747,-0002136) 
vs ran wh 


Ioeepuon wens ne CORELUPE. Meare SO cme tate tral rom -0004747 te 000213644 cap 
Isa NEA Sang ar that ape of te poplin pein Be elatig NEA ange ota rath 


Provan poate 
e For Practice Try Euerelue 9 


The pdt change in average ft ain quite small for 2 I-aori ineree 
in NEA. What if NEA increased by 100 calories? We ean jst mip oth end 
points ofthe confidence internal i the example by 100 to get 3 0% confidence 
Intel fe the comepending pect! change i average tga. The rain 
internal i (~0447, 02136) That, the popultion represen lie prods 8 
decrease it average ft gat of between 04747 ad 02136 foreach 10d-alode 
increase in NEA. 


(CHECK YOUR UNDERSTANDING 

1a Chepher 3, re miedo th dy ight sel Bcc wight of i of 
‘Sit cade cle eth adeno re Webb choc Soa Miia ox 
(ome lento: mppenin saan or aa a tee, 


‘Regression Anaysis: Pack weight versus Bo0y weght 


Body weight c.nsono ooze: 3.22 s.0u8 
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1 What coins mat be et fr regrion rence tbe pepe? 
2 Wath sock « all ample ne, iia check several of the eonition for 
‘aren cence Anume th the condi ne met Contact andere 2 5% 
‘Siidcnce incr fr cde the pelts rezone 


Performing a Significance 
Test for the Slope 


‘When the conditions for inference are met, we ean use the slope bof the sarple 
regpession line to construct 3 confidence inital fer the slope ofthe population 
(true) rgresion line We ea abo perform a sguticance testo deermune whether 
‘aspeied vale of is plas. The all hypetess has the peneral fom Hy: = 
hypothesized value To doa tet, anda to get the es satis: 


"ToSind the Palue, ws 2 dstnbution with» — 2 degrees of feeder. Here te 
the deta fo the # tet forthe slope 


X m= 2, 
“Myf > hyphens Hp cpt ef hind 


Sn Na 


0 


data suggest linar relationship between two variables, how eat we 
Aeternine whether tis happened fut by chance or whether thee is actualy 3 
linear relationship bebecen and yin the population? By performing a tet of 
Hy: =0. A reresion line with slope Oi horizontal. That, the mean ofy docs 
fot change at ll when x changes. So Hy says that there is no finear relationship 
between sand yin the population. Put another way Hy sys that near regen 
fy «of mo alu or predicting y. 

Regresion oui fom satitcs sfbeare wally hes and it twosided Pale 
{ora test of Hy-3 = 0. For 3 one-sided tet in the proper diectin, just divide the 
‘Paaluein the eutpat by The following e=mple shows what we inean. 
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‘au Sort at at 


‘encmany ye 
tetra 


‘annuus 


Crying and IQ 

Significance test for 
Infants who ery easily may be more easily stimulated than other. This may be a 
fips of higher 1Q. Child devdpmentrescaches caploed the tlt 
Tete the eying of 10 dao andthe er Qt score Aap 
fa rubber band on he sole of fe ot ead the fan oe The rsarche 
Saceded ts yt gS aes a basa Wi Bes essbes peas e e 
‘mot stv 20 scars They ae eased the cise 1 aa thc eas 
tong he Stanton Binet 1Q tt The tbl below cota dts ra a adn 
‘sple of $8 infants 


oo. wom ow mw am 
somo on om 8 m8 oe 
2” 2 @ 8 wo 6 
a 
«om 7 ow 8 wm mow 
pow 3 


(a) Holes scart he deta thes ures ae added sce at gp 
‘el yo sor teratoma beta hn a 
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(pa pint srr pei ty Some 
‘samt cy peat (ry come eke ay rites 
(9 iaepeser peal coco epee 

(i) Dotese data prove coming ce thas aoe nearest 
ingots andi opti ot wats Caro at ape ete ap ave 6 
eae 


sewnon 
(0 Maes amedry wel oie eat ro oa trae, 
(riveree epee er erations apes cre ey 
‘vrs ed ae eri 
1) Reems heat oguaresies 
ered sear 91260 + 14929 com) 

(6) Soe Frew aktig pe th mst ac 20 sc, tree ne 
‘crea erene ate 1512 pts yop Theme ed tt a oh en 
{zy tebe bnaeserid srtar 1 Bea hr ee 
‘Sls ohare pairs at 2 sh I ea 
(toe tiie oer he rte = 0 
(2 Wetter tow pps. 
SOA. Meat oprtrmatetet 

Heg=0 

ha>0 
ster tet Soe popatreresneresig rgct e lsc W 
‘Species seese 005. 
Ue oes a ea est ft spe 
+ tae escrenpt spas de wa pst enh eae rg 
stud Teresa pt sow sao af ts abt hel ~ One 
Inder ster scandal ns she epee Dae apn hot 
‘eyacmart hea bes 10738) = 300 tase psn omic hse 
‘Sunn neesctad 
+ Nem There ob pt te rdastws sgt rte ih aes at 
‘aerapenses maybe ert assed aera ae WSS 
[Sepetae[e=32)howee hrc ear ag pare roma 
+ petra Tern pt wea ty el aout osc avin th its 
Obras 
fads Wea tt ee se nea 


Wena veut of te consis we proceds eee 


‘754 CHAPTER 12 MORE ABOUT REGRESSION 


Moved onthe eal ofthe crying and HQ sty, souk! weak datos an pa 
ents toma nt cy oe wo ht hy be arr arn ie Hany 
Sty ges satay pent evidence ef 3 poatve Tne eaters 
tetsen hero arabes However, we ea conte tha mire ee eying 
‘anf causa anes 1, Nay ints who cry tone re more let 
toga ith and tend tose heron elie es 


Confidence Intervals Give More Information We know from previous chap- 
ters that confidence inter ge moe information ha teas do Lets costal 
190% confidence Intel for the slope i the ering and IQ example, The 
Ninth op fem hiner een sare dat eb 1429 
dw Sts 04970 We need of the teal ae fr 9% ene fom 
the dstibution with 36 degree of freedom. Because Table docs nat hae 10 
for df = 36, we must use ether technology othe next smaller degrees of freedom 
inthe table, df= 30. 

"The TH84 command sner (0.05.26) yields" = 1.688. "The resulting 90% con- 
‘dence interval forthe slope 3 ix 


bs e°SE, = 14909 L 08804870) = 14929 3 0.822 = (06708, 23149) 


‘Weare (7 confident hat ean 1Q increases raphy by between 067 and 2.31 
points foreach adkitional peak in ering. Note that 0 not nce in this iner- 
‘allof plausible values forthe parameter J, which is consent withthe reject Hy 
‘cmc rom the 

‘As with inference abou! means, a fwosided tet at significance level a and 4 
100(1 — a) confidence inten for the lope 3 lead to the same conclusion 
about He Thats because both inference methods use the standard eror ofthe 
slope SE, in the calculations. The connection between onesided tats and 
confidence intra for 3 is familiar, too. Our oncsided test at a = 0.05 inthe 
crying and 10 example gies the saine conclusion about Hy 2s the 90% conf- 
dence interval for 3 that we clealated above 
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Magnetic Fields and Healing 
‘A confidence interval gives more information 


‘Of 12 newts wee asgned at eandom to 

qecemesees 

hese Theo err ee Ron 

ats at which new ce closed razor ut in each lin, 
‘ucremcte pet hour” 


‘RM Anum the tases tate cain fr proming 
ropes fren met, A35Rcvkiene ten the oe Sof he rer 
ener rcting eng es ents bs wen ese eae hang e5 
(ati hb wa orm erica tds (OA, 0.72) Based onsite tons 
‘nnd om test t= Ova K = Oat the c= 005 space? 
Jey sme 
SOLITON The SSX conkdnce teal nas Oas pasa forthe sae So there 
epesin ine Atthe = 005 ee wud alto ec 3 = Oaed conde at his 
‘permet pros yocet event finer esp Detatn esi aes 6 5 
‘Shswne epned eco vetage saeaing rates of er iby wh real deta tls 


bee 


ad se el 
Mia tp 


‘Regression Analyst Pack weight versus Boy weigh 


1. De thee dts yore concn evden of inci elaionhip btnetn pk 
ich and tay weg i the poplin of mrad dene a snl Cayo 


poten) 


So fr, we ave used computer regysion outpat when performing inference 
about the slope of 2 population regression line. The TLS3/¥4, TES9, and 
“TENapire can do the ealnlations for inference when you ae provided withthe 
sample dats 
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TECHNOLOGY CORNER Regression inference on the 
calculator 


Lets use the data fom the nonexcrcise activity (NEA) and fit gun study 
fm page 749 to urate significance tess and confidence intervals on the 
“TESsit and T39. 

NEAchange(aly 4 57 29 5 HS Isl m5 355 
Fatgain hg: 42-80 57227 «3230 2413. 


NEA change (al: 972 eo 
Fatgin(igy: 38 L716 22 10 of 231 


Ener the salves (NEA chang into List} and the alae (Fal ain into 
Lats 


Todo it 
m9 

Pee cerca + remem icone 

ee ime 

* inthe Linkeg Tet ee, # tne Liner Regresion Test 

eee eecearin tigtgu) seeded ea Spats tors 

"Cables pr sd pron EE. 


a 
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Compare these results with the Minitab regression outpt below: 
"Regression Anyi: Fat gan versus NEA change 


mA change -a.onneans ououevane 4.54 0,000 
5 =~ e-rasasa wong ~ 60.60 B-sgiady) — 57.88 
‘Te cmnet a confidence itera: 
n9 
‘+ res [EZE then chome TESTS and © Pres (ZEE)EZ}(1"71) and choowe 


Stn nit atte + ne ine Rai 
Sight nen ent pt 
hw an pon 


{input shown. Then 
*Calelate” and pres 


i 
12.93 
feilate 


‘The linear reprenin ¢nteral real take two serem fo present, We show 
only the hint sere ee 


‘What's with that p = 0 in the LinRegTTest screen? the ope b ofthe leat. 
spre regremion line & clenly related to the correlation r betwen the expla 


tory and response yriables x andy. (Recall hat 


slope 3 the popalation regression lin is lonely related to the eomeation the 

Jomercase Greek ltier sho) between sandy inthe population In particular, the 
slope 0 exacts when the coelation 0. 

‘Testing the nl pothesis == 0s, therefore, exactly the same as testing 
that there io coneltion betezen «and yn the population om which we dew 
‘ou data. You cane the tt for zer slope to et he hypothesis Hp = Oo ro 
‘correlation between any bo quantitative variables That a ofl tack. Beraate 
‘correlation ako mais see when thee sno explanator- response disnction, 
is handy to be able to et comelaton withoot doing repression 
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Summary 


+ Leastsquares regrenion fits straight line ofthe form j= a + bx to data 
to predict 2 response variable y fom an explanatory vale x Inference in 
tha setting uses the sample rgrenion line to estimate or test acai about 
the population (te) regrewion line. 
+The conditions for regresion inference ae 
Linear The actual relationship between « nd ys linea, Forany 
fied value of, the mean respons als n the population (ue) 
reqyesion line = a+ Ae 

+ Independent Incivval observations ae independent 

‘+ Normal Foc ay fined value of, the response y varies acconing to a 
‘Normal tribution. 

© Kaqual variance ‘The standard deviation of y (al it the same for 
alfvalies of 

andor The dats ave produced fr a welllesgned random sample 
randomized experiment. 

+ Theslope band ofthe lease line estimate the slope aad 
Interept a of the population (ime) regression line. To estimate owe the 


Cotes neal ed glace sf he spe he option 
ere payee relia ene pores 
+ Thet neal the slope athe fom St whee dad 
error of the: is SE, = — 
ance avn 
+ Tole ml net 9 phe ae, canyon et 
loth sophie sth ate 
ul pee: =0, hic yt i ees eltonp 


hetwcen «andy nthe population. 


Exercises 


Oil an reside Eaerne 59 20 pare 195 


Amr mean 


‘SAT Math scorn In Chaplet 3, weenie date 
cn the percent hgh bend ach 
Sate who lok the SAT and th sa’ can SAT 
Math acoee in recent year. Te te Blow sw 
‘besa let rth akin exponen ne 
(te on hee date Av th mains Gr pre 
lngleferene abot the ope ef the popccton 
epee el sth pour anoece 
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5. Preyatiract predators Here none way in which 
sate ela the sec of enna populations: hgh 
palatine attrac predatry which ene 
eer proprio ofthe population than when 
‘he dematy of the pry low One sod lobed ot 
{ep pach and ther common predator, the kelp 
1 The carer stp ot ag ea ore 
‘or andy oscar btn ff the emt fem 
{Gate He howe yg esha random 
lage erp and placed 10,3, 4, und perch in 
the oar pes Then be dpe te ets protesting, 
the pom allovn be oun nnd counted the 
poh ie alr wo hon eve ae data the 
pert of poh ex in fa epttins f i 


“The xpath bf ph the 
Plitean a isan es 
ppm of prc dpa) 
‘trou wher te bam ae led arco 
Ahoy Ascot of dates ner 
domi 

‘We oe Mina tab cry eager 
seen ep rte dla Aral poe 
Eales Chek 
he te eo x pening oe 
prey testers ery 
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4 Mleerand BAC Hw wll dos the umber of bec 
1 penn ena pet ir her Bd slob on 
SAGAS Seen orice ethan nae BAC 
0 dk lr eid mer ene 
ter Tiny minster, plo fier mee 
thar BAC vernon wa 

tress Awaba pode gic 


‘idle ar shown below: Check whet the 
nina fr prong erence about the 
are met 


eres 


5; Prey ato predaoes Refer Esco 1 


(Competes cepa boa the beep tcp 
sealj on he perch dts shows koe 


Tinted Earpiece tres 
permet, 3 aed Fagus wha ach 
France nm Then pi an 


(6 Beerand BAC Rice Estsbe 4 Compote tpt 
pera 


0x eqara ek! = 78,69 
erable Coenen we of Gat torutie peak 


“Thc mal or regio rence ce 
suc and Kalan nt ac pte 
Spat ncn cc 


Py atact ators Ree a Esereie8 
(a) Inert the a of SE i cote 

(0) Find he ctv fora 9OE con dence 

tetera Gr he dap ofthe erent ie, Then 

‘let the ekr. Show yor wok 

{e) leet the eral fr pat (b) nee 

(Hapa the cig of “0% cont” 


Beer and BAC Refer to Evers 6 
(a) Ieee he yi ofS conte. 

(b) Fd he eile for 7% confidence 

tetera Gr he dap of the ve vei ne. Then 
preterts tei Show ou werk 
{e) Ieee the eral fr pat (bet 

|) Hapa the wei 99% conden i 


Rene and bees De ee ei beati 

a anie pein 
Steet ne crt 

0 eeeeaet den eierendtre 
pare papery 
Peper ire sper rear 
Ta Eagan t e 
Lappe perey mer enh ty 
abe hier epee) mapas 
Erase 


= 6.01909 95g — 95,98 Resgiady) — 2.28 


10. Mel ppt These Me Shenk 
Clay etre sponse igh 
inca a ede spe of tae en 
Atel highschool Se oper 
pasate peer 
Sneeshor coe Core ad tres 978 
once eral bt dap fe epson 
{eg fate ta cc fr po 
{ng iene oat 


radictor 


fer ratio 
23 Reb = A728 Heaglady) = 86.98 


1 pant ett 
per 
oer 
ieee 
Saictenesaeea 
oeareeosae ras 
eopeioee 
bps core 
accents 
meet 
= 


(8) Abt how ft of do oe cpt he potion 
ea) be Boe the sade adh fly 
So ane 
1, Weed aang the coon Lange a coc 
©... estates a he wth ef. a 
‘lve wcurcher ned ernie men te 16 
172 Seal plas of ound and then need the plot by 
and fallow fed nber of ni aerate 
tog in each ter of corn me. The dees ot 
Io nya tee plans ee each plot we 
‘tnd af endo Noster weak wer allowed te 
Hee athe yc of crea pra) 
Shot plot ms 


ar wwe 
sou ws 
(4) Astra fhe data with the tsar line 


‘Filed shows teow Decree raph tl 
$e abut hc elainahip xtc the oar bles 


‘Mina ut from ne reemion a then da 
show blo 


predictor cost at coat Tt 
Meade per LOT ETI 1.92 0.07E 


7.97668 mq — 20. 
(0) What the eution ote — 
Aine ptt om ll ow thet ef bes 
gents pron Des yee yo ie, 


(e) etree dope an intercept the ees 
Aisle cent 


)) = than 


6 Time at the tale Docs how lng ong en 


en at the nel tbl ep preset how tcl 
thy ea ee date a ecien anle of 


Dh cred wet rl ec Tin” 
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Sreneh ebay tes fee rhtlemmeeeed 
Ahn ne acute rms carl cneranon of 
hatte eld eack day 


Time 214 WS S77 HAS A HAS DN 
Calorien $72 498 465 456 425487 508 
Time MIO HS De II TUS 
Calorien $31. 479.454 450 410508 457 


Time, 286 529 306 351 580 457 
Galoron 489 136 48 459 444408 


(4) A eaeplt of he data wi the emt ages 
line aed show blow: Dewrbe what i raph 
‘fl you aut the elatihip betwen the 


‘Mista onto nar nye nee dats 
tea de 

cost ak coat oF 
= 22.2000 ebg — 42.28 Realy) — 30-98 


(b) What isthe equation of the eats 
Tne be pedi elo oad 
Fro tie aha? Dc any arr 
yume 
(ela he slope fhe pion int 
‘Seto Ds ab see ope hy 
pln? Wyo iy a? 
(@) Do these date provide orsign oa 
tne near wlaerp between ore ie ble 
‘Slee cae nl pop tle 
Tiny eaten appro ttico —0 el 
balp ler ein 


15, Weed amg the or Rafer to Bere 13 
‘alfa ofthe oe ery 


Teej ete sen a rigeciee 
ates 


rreatctor 


(©) nrc cach ofthe lowing in content 

we 

The stander of he sop 

16 Time atthe table Refer te Enric 14 
(a) Comirct and interpret 58% confidence 
‘stoma the depe a te popelaton repo 
lige plan bow your rl ae coment wih the 
pufomer tt acre 
1B) etre cach fhe lowing in cme 

@ 

we 

(8) The sandal emo fe sep 
Paine ie Kaen in Chapter 8 page 519) 
compared two mthds br exiting re wat. The 


eth ie Atanadr smple of 16 ie a 

tamed oth vehodk wer sued aera the 
fot tance woreed by each we The eterpot 
eli pas here eae da | 
rs ference 


Computer esp fom green 
‘sul ef thee data shown low, Ave Bt 
‘sedis or rgpenden ihren a tek. 

gee 0.73021 
27a Boy = a9.08 


g(a) — 


a) Neha he 978 comin tele ape 
Fe peptone ie (05785, LOD). 

(b) Resarcer want ote whether ther a d- 
Soret oo edhe nating ie we 

Explan sin an appropate psf hype forthe 
iste. d= lve ld | 

(e) What concanon would yo dea or th sai 
(Siete ned oyu steal pa Ft 


Compe np a ape epson 
lief de eu hare Pos eter the 
nial ops sessontery 


Magura = 63.00 R suaeed (adpuntet) = 
f= T9ano with 31 = 3'= 19 dig ot trout 
Variable coat a8 Geet t-ratio prob 
car age 16 fae nat co.000t 


(s) Nett he 5 fence ral fr te 
Spec ppeaon pce ne OTE, 
i 

(0) Acai eters pp a th oe 
Spel ener pt 15800 de frp onc be 
‘bn ei he nen tte ets AP Sater 
techn pled tes Rola yon 

Sept finger bbe c= 0 
eer) 

{©) Wht cnceon wok you de thsi 
etek prep ly 


19, lei pd er eben? Arete be he 
Loc igen ee ancgeeter 
pep rors ad et 
cea mciaaarpieal PP ementine 
(er shick date wee ovale The Ellin ole 
Spl the dts" 


eyes) 1800) ery) _ (er 1000) 
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= co uu 1 
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pe Geer gente 
{is and het dene deat sn the popelaon af 
sori? Canty ete 
acceso nea 


{b) Catelate and inept a 95% conden iter 
‘allot slope Bol the population repent line, 

20, The profemer si Here ae dts the ine (i 
mime) Prefer Moore aes 2000 yr 
at pd ate etapa) ler sandy, 
orate empl oS dey 


Tee WD Tt aN 87D 
Poe 15214 100 Ws 
Toe M617 3557 1537 3505 5605 
Poke 16 1H 18 614 
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Poe 168110 Bes 
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(a) Ithese tail sigan evidence of 
‘gave linen reltonsip beter Poot 
Hace vie tne end i pee nh 
lation of dagen which he sie 2000 yo? 
(Cay out a appropri sean et at he 
0 O05 lak 
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(ol sap Bos popation regen ie 

Maltipe chee: Sle the be ane for serine 21 
3 


Ene 22. had oth illeing nfrmatin o 
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We cll dataon ti wprmel ast xa teal 
sling pce macho del) of neo ele 
Tecan ts Aseptic dat ws 
‘Gh bong pane rer wom erent aren 
Hox pte Metab oupe ea lent pas pe 
Sourcing loca 

3.083) = 


21. Th sept ft en ge ein ie 
Prt ling po foo opened ei 
(0) BRS = 724+ 126 appa alae 
(b) BE = 0125+ L046 epraed aoe 
(6) IS = 12727 + LON apie aac 
(8) Be = 1.066 + 1727 appre aloe 
(e) FS = LG + 72 py a) 
12 What athe coma eee ling pe ned 


pai ale? 
(@) 01126 fe) 861) ~09R8 
(hy ont (a) 0928 


28, The dope a the population regen ine 
deri. 
(a) the ae nr the eli pe a nd 
tlt when ts appraise vale nevenes by S100 
(hy thease nee nthe apne ai | 
yin it ire men 
th. 


(the avenge ling pin 
Pt tt hn pra i es 
sin 


(2) te were sing pe in ppt of ne 
her an appa eee 

(the me eee piel ve de 
{Fer ohn ling pce aces by S100 
2, thee spin eet ig one 

fear open co te a 


he quent he inp 
(a) Hyd = Ovens Hh > 0 


(e) Hyd =Dsemust 20 
(GH. > Over 3 = 0. 
(e) Hy = Even )> L 

15, Conia intra de heed thet 
‘Scheie wis ees been 
Oo | em. 
oe a6 


25 AGS conden nee forthe poplin 
See 
6s + 19957068, 
(Lows 20205. 
(e) 16s = 02387 


(a) 1066 + 0198, 
fe) Loves «0.126 
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‘Sing de ond let below. 
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2 Cale word 4.2) Lette she deni fhe 


Gia ie 
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i cht eprint die? 
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“Th dea os Me Ste epee sho 

ew For each st he me pei he 

Prreppecarey seaniryine 
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sha the pry tht nid 
{) What the rsh forthe siden who sa 


ied oda 9 sen? Sw ou wo ieeeodl 
; va tea emt 
(a) Ama tht he onion for perering ne eer 
snes hse ego ie Cpe rer 
fe Tie Pie estat mets ert gre ft 
Tis oe O00 Ean na he eae porinae ES 
wee (0 tenner 
Nae nn Rey Seep sen swind ihe Saeed ot 
ry NF et er tas motes, 
Siete pl cles oh pce rele ee 
sit iy a The ed ep Led ieteoret iran aeoistmn 
fama ae (0) beth ap mmole own? 
et cf ben crv 
Es 32 fr the ling ting c ia 
‘elope Noten Rend ce oe ol pete 
"lilvemrvaten tthe pel They miedo 32. Seawall (11.2) De hoe es prie 


peggy (eer eee, 
esc a oe ire perl ream ppt 


Ielonged oat ceric prank Ue ‘fe the popation of ato oll 


Serr Cli) Te bray table somates eseey Naonal Pr Carryout el the 
epowen ax opm emu 


Transforming to Achieve 
In Section 122, Linearity 


you'll learn about: 5, chaper , we kamal bw to atalterdatonip betwen two tative 


‘-Tranfoming with sariahes that showed a linear pater: When twe-tariale data show a curved rel 
powers nd rots Sonship, we must develop new techies for finding an appropriate mex. This 
4 vith set dees several ump ransrmatins of dats that an raighten a nonlin 
ve ‘carpe. Once the data Fave been rarsformed achieve leary, we cane 


‘eresion fo generate + useful model for mak precios. And i 
the conttions for rezeson flere are mel we can esate of feta claim 
boat the lope of the popalaion (roe) egreson line using the tansermed dala 
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EXAMPLE 


Health and Wealth 


Bes eeregee because they have better access 


Cg pn Thoin no 
Scere sectors! 
Seomem annem sommes 
eee 
ciple ees 
rel 
Saoaeaene 


“Teanaforming 


‘GURE 1217 Sete te eeecareyaguat tin lane pr pron mary 


-faetion sch the oe gare ott a quanta var 
Pesaist ioe dta essen neni 
fr spleens work elp a chore and nc aoe To stale 
"cing te changing the sale tha 

amounts to cf easement that was 
vsed when the dita were collected. We can chonse to mete trent 
‘depres Farenbet orin dees Cet dtnce in ales orinlomete These 
‘ange of wae linear batformation, dase in Chaplet 2. Lia ane 
formations cant ssightn sce reltiomsip bere to variables To do 
{hat we rene fo fc hat ae not near The logan non, aplied 
the Heal an Weak” empl, polincar fan. Wel return fo tan 
formations moi logan Ler 
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ower model 


Transforming with Powers 
and Roots 


‘When you vist 4 piza parlor, you onder 2 pizza by its diameter—say, 
{Winehs, 12 inches, of 14 inches But the soul you geo eat depends ah 
the aes ofthe pizza The area of cuce sx times the square of i rads 
So the area ofa ound pizza with dameter 


meee ae 


“This isa power model of he frm y= a wit a= rand p. 
lee dein at tn of tes gene om, ter eo 
‘ot peopl, we expect atest go quae of daension sch 
Sr hgh ie al op wih ec os a eon 
grote espe power msdn ere ting, Thee ae ar 
Fl et enti et mtb per io 
Tre ate wie examples fe sence 
4 "The dance hat an abject doped fom alls i elated tine 
oes etm it pede pe 
Aitance = atime? 


+The tine tte ps complet one back n th 
(usp eked kg ye . 


period = ong = athe) 
4. ety oth ba i aed tance th uy he 


sty = 5 = nee)? 


Although a pores model of the frm y= a? describes the ratonhip betwee 
_cand yt each of these stings, there i linea relationship between sand y, 
irate oper too 
rorinece crane 

following example 


should have a neat form. The 
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Length: 52 85 115 143 168 192 213 253 250 267 
Weight, 2521 38691748190 204298 


Length: 282 295 WS 320 330 340 449 M04 371 377 
Weight 318371455 SoH SI 537 651 719726 a10 


Wid) 
Pali ri iti 


"Theres another way to tanaform the data inthe example to achieve lineal, 
‘We cat aks the cube oot ofthe weight ales and graph Yocght versus 


Figure 1214 shows thatthe revi scatterpot ha lin 
‘eat form. Why does this transformation work? Stat with 


“That i there is a linear relationship between length and 


* ‘sight = ang anda the cube roto es of 
: inept: 

: oat = VetengiiF 

5 ‘Yost = Vaden) 


vient cared pti tre 
em seatopd oe Wis lewapere Be be ted 
Seo icee med canbe nd oped cute 
URE !214 Tape {SSF wematngia poe vce Asin Chap 3 ead th 
= FEigr soe el hereon ean 
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5 ~ 10.4e12 Boog — 99.58 R-sqiady) — 99.58 


‘Waatormation 2: engin ea) 
= 0.126068 tong = 99.08 Hosglady) = 99.78 


*OBLOA Dosahot te ion hethtantmston 
(a) Gi the quinoa -sures epson Ofna rates yous 

(0) Suppose conan the ching ramen thea Oca eh that 96 
atime ng Us the med emp 2) tree he bs woh Show ar ek. 

(e) iat telat encore 


sounon 
(0) rmemton aE 4066+ 00145774) 
“amir oa ~ — 002204 + 02466 ft) 


(c) Feetmstoreztioe the stand devin te sine s= 10.41 gms. Praile- 
‘eset might singh made! ele oy a eager 19 grams Fer astrms- 
‘lon2.5=0.12 Mati, padi ft cake ro of th wih aig hs mde ibe ory 


manag oat O12 


Practice Try Euerebe 35 
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Wen pene fh sag al helio betwen to are 
idols pec med ofc lm a you ae oa 
tnsonmng esa chee icy 

1 faethe acs afte platy alo th p poe an hte 
pa) 

2 Tete nt ft hoof hegre np pai 
Wat so oem ea what perc? You cok gue ad ul 
outils bontoresion ot wot See eho os ib aie 
that allow you to dynamically adjust the power and watch the scatterplot change 
fopeaorde 

Tarn! thal he 2 mach mee cet mate nig ued 
pacman of cnering wah pve sd ens ot 
Togarithns. This more general method works when the data follow an unknown 
pret nl sy fede como mates ne 


Transforming with Logarithms 
‘Not all caved reatiorship ate deseribed by power move. For 
intance, nthe “Heth and Weal example (page 760), a raph 
of ie peta We he tin hn 10) of crt 
showed 3 linea ates We wed Fathom tare 
fags ere fine othe normed data ao make 3 
‘eal plo. Figure 1215 shows the eu. 
“The repent ine 
redid ie expectancy = 11.7 +1514 loncome) 
ove wll does his model tthe data? The esa plot sho 
fandom seater a prediction ern about the residual = 0 Tie 
‘Abo, beeane = 065, about Of the ian nie expe 
‘ancy acento by he nest ml ning Tgiicoe) a8 


‘ced and ra ot fom Fat tr te bare- the explanatory variable 
Cined dancing ete eeeamarasca The relationship between Me expectancy andl income pet pet= 


Logantnie node 


Exponential mode 


son is described by 3 logarithmic model ofthe frm y =a +b 
loge We cane this del pret bow Tonga county's iin 
wil lve form how tach roaney they make. For the United Stale, which hat 
income per penon of $41,256.10, 
predicted life expectancy = 11.7 +. 15.04 lg(41 26.1) = 81.117 ye 
"The actual U.S. lie expectancy i 2009 was 72.43 years, 

“Taking the logan of the icone per penn values straightened out the 
“curved pltern inthe origialscterplot. The logarithm transformation can alo 
help achive linearity shen the relaonap between two variables i desrbed by 
|apomer model ort exponenta model 
Exponential Models A linear model has the form y = + be The value of y 
Inreases (or decreases ata constant rae 2.x inereses. The slope b describe 
‘constant rate of change of linear model. Thats, fr each I unit ners in, the 
‘model predicts an ferent of unis iy. You cat think ofa linear mde a de 
‘crbng the repeated sition ofa constant amount. Sometimes the relationship 
between y and cis Bed on repeated multiplication bya constant factor, That 
cach ime «increases by unit dhe vale of ys mulipled by . An exponential 
‘model ofthe form y —ab describes such multiplicative growth. 
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Fopulations of ving things en to pow exponentially f not retained by out- 
side limite sch as ek of food or space. More pleas (unlew we're tlk, 
bout credit card deb), money also dsplays exponential gronth wien interest i 
‘compounded each time period. Compounding means that let period’ income 
eam income inthe next period. 


Money, Money, Money 
Understanding exponential growth 
Suppne thet ou ives 100 ving cont hat pays 6 ink 
zB ompoutadd sons. Aer year, yu wil have earned S100 08) — 
$5.0 tn rs Yor anscart ce tl epon pe te 
inteeteanc 5100 +3100), o S08 Wecan ewe ira 51001 
“ong sn 9) That sl no 
ina seo pt bayer id 0 
etary ecial  ced fe yt ee leoal 
$100, 1.06)|(1.06) = $1001.06)? = $112.56. Notice that you earn $6.36 
im tre during the second yar Tha nother $n ner rom our 
itis 100 depot los he nce on your So nee eared fr Year 
Kier «year your secunt balance ym pvr by the exponential model y 
wt aloe 


The accompanying ale sre the hlne i your 
sx years. Figure 12.16 show the 
ero yeen Mechel ef copncel 
Aw fr long pid and hen sets eps 


sa38 


[GURE 12.16 Seal te gow 
imatinrin aang: actpayeg Perio, | 


comand analy @ 
fan exponential model ofthe frm y — ab describes the relationship between 
“cand y, we can use lgaithms fo transform the data to produce a linet relation 
ship. Start by taking the Igaithm (wel use base 10, but the natural logziton In 
using base would work ast aswel. Then se algebrale propertics of lgarithns 
to simplify the resulting expressions. Here are the deta: 

(air) {aking the logan of both sides 

+ log (ie) ing the propet logan) =log m+ 
e-telogh sng the prope lg m? = p lg m 


Tomboy =2 ae 
Cenc 


El | 


GURE 1247 Seaton he manta 
‘rs ona cmp hp fe 971 200, 
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We can then rearrange the final equation 2 og y—Jog a + lag. Notice that 
Joga and log bare constants becatse a and bare constants So the equation gives 
liner model relating the explanatory warble «othe transformed vane ogy 
“Tins, the relationship between two variable follows an exponential model and 
se plot the Ingarihm (base 10 or base e) of y agunst x, we should obmere 2 
ttralgh ne pater the transformed dat. 

we Bits least aquaesregeson line to the tansormed dat, we ean find the 
preticted value ofthe lagartm of yor ayvaloe ofthe explanatory arable «by 
Sobsutiag oar rvaloc into the equation of the line. To obtain the coresponding 
Prediction forthe response vanabley, we have to “unde” the logarhn taf 
‘ation to retum to the orginal unis of measurement. One way of doing this to 
the the definition ofa agai 2 an exponent 


lope ms haa 


For itance, we have log y~ 2, then 


ogy 


instead we have In y 


Moore's Law and Computer Chips 

Logarithm transformations and exponential models 
Coxon Moot, one of he unde af Ine Carperation, petted 
105 that hems of anon at kee ci chip wld 
double every 1 months Ths Moore ew ne ay to mean the 
tevin computing, Here ate dats ee der an be of 
{rami or Ind copricen 


Proaeesor ‘ale Tanelatore 


sseomni00 
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Figure 1217 shows the gromth inthe numberof transistors on 2 compute chip 
{fom 1971 to 2010. Notice that we used “years since 1970" a the explanatory vat- 
able Well explain this later. f Moe's aw is coret, then an exponential model 
should describe the relationship between the variables. 


roe. 
(a) Ascanrplt oth sala yas arf hemor of aniston ans 
mpc esas yes Ss 1970s shows Basdon isa na wy woe 
Souls se at exoertl mde esrb the retin bet tame fant 
‘yorssince 1970. 


(0) Mea pt rom sear rpessos cet rome shown Gite 
ej of a ast aque rapevscn ine Be eee dete my arabes oe 


2 o.seuuer 83g - 98 fe 


(c) eye mae om prt) prac he ener sanstr ot competr cit 
12020-Show youre. 
(a) Aves pot eh tears part) townhome st rp ale 
“sion he spopitnea tthe model 


(2) Han egmenisimdeldecrbesthe resting beeen am ates any ena eget 
scarlet lny)e ery na ‘he seer finan eri yar ck 
1370 asaya pation esp thoaph hear 2000. Sea gn mal sms 
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Mate sre tht you undentand he bg idea hte. The nce tas 
sen nari oy taking ein othe agi ale ot a 
‘rstor and mnt satiate sofware wil acute the logarithm fal the 
{aloe of vaabe with vngle command The ercial propery ofthe los. 
Tithe for our porns that faible prow exponent, oan 
ove Hwa 


How do we find the exponential model for predicting y from x? ‘he lea 
ugar line forthe rare dats in the compote chip example 


{i (Ean) = 7.0047 4.036583 (yeam sinew 1970) 


If we use the definition ofthe logarithm as an exponent, we can rewrite ths 
cut 28 


Using propertis of exponent, we ean simplify this as follows: 
at 28pm ning thet at bebe = bes 
ter (gkssyemen inthe tha (bm = Bom 
Timaoe = 116995-(.4417 1% sempléing 


“This equation i nein the fiir frm of an exponential model y — ab with 
19193 and b= L171. 
‘We could tse the exponential model tn pret the numberof transistors on 


‘an Intel chip im 2020: eneors ~1169:951 44171) ~ 1.0281-10". This 


‘the sme prediction we pot earlier. How does this compare withthe prediction 
{rom Moore law? Suppose the number of transistor on an Ife computer chip 
<Soubles every 18 monte (15 year). Then in the 49 years fom 197% to 2020, 
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the number of transistors would double 49/15 = 32.67 times, So the predicted 
‘number of transistors onan Intel chip i 2020 would be 


nmin = 22502)" = 154-108 
‘Mou’ aw predets mote rp exponential growth than our madel docs 


“The calculation a the end ofthe Think about I! feature might pve you some 
Ides of why we used year since 1970 asthe explanatory variable inthe example, 
‘Tomake a prediction, we substituted the value «~ 50 into the equation forthe 
‘exponential model. This vale ithe exponent in our ealeulation. If we had used 
[ren erie ret or met eck eve be 200 Sh 
ae exponent ca lead to vetlon eon on eaeulator. 


(CHECK YOUR UNDERSTANDING 
‘The flowing able ze the wenn palatine United States fn 17 1980, 
inealior pele 


Year Popation Yaar Popaaion 
me “ 
“we a 
we uo om 
we ome 
sae two as 
“he pupa th blow Sf ns tig yon sne 17OD a the 
Topsy nab Apct el apt etc pp ls pn es 


1 pli iy i wo be tome tose eaprtl dl tdi the 
‘laonpbebecen the US. poplin athe ean 1790 fo 1640 an he mame of 
a since 700. 

7 Flere one Mtb cpt emer ogni ast nthe ttf dat. 


5 - .entgees a-ay — s9.s8 Rsgiads) — 8.08 
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2. inet gion of th ent agnes een fine Defi any aie ou ne 
3. Ue thar model opel he US. poplin in 18 Show your work 

44 Bcd on the renal plot, de you expe our peti 1 be too iho to Tow? 
sf youranence 


] 
] 
= Se 


Power Models Again Biologits have found that many characteristics of living 
are decribed ute cacy by power md Thee ae mare mice hat 
Sod moe fe an mice ine sundance of pci ln 3 poet 
tnd wit aly weight he explant tre So do pe eg of 
We th saber edad oo 
Sotetimes the powcr ca be pred rom grt, bul somtines thy 
srs Wr ple te ot a wih a 
pas the 34 power ofthe ay weight ilo ell th lio 
EE ine aren nnd ok the wo oh oa 
‘The search ges fr ute piss ot rote explanation fr why We 
flows power iw 
"Whos weap th lst tanonnation 1 th apni abl in a 
‘dl we race sneered To eee ety fo 3 
Fegznal we pyc tin rio ah ee 


1, Appower model ha the form y = av, whote a and pate constants 
12 Take the logarithm of both sides of ths expation. Using properties of 


heii 
bag) =a) = age + at) gpg 

tion ay = lg pss th king elit fot 
acide ct tp een ge 
3. Lak cal th per pin th ome snd! becomes the dpe ofthe 
‘Sag ine tals tlog 2 

If pve nl este nib oon obi eat 
cfth os of vate sou pode ina palersThen w ea 
Giatentegae spear bew termed dts cet 
pesirssearsse rere) 
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What's a Planet, Anyway? 
‘Power models and logarithm transformations 


ee er cease es 


Atthe time ofthe dacovery, there were nine known planets in our slat sy 
term. Here are data on the distance from the wn and period of revlution of 
the planets. Note that dtance measured in astronomical nts (AU), the 
‘numberof eath distances the objec fom the sun 


rant qwecoonctun) eum Ye) 
iz : os ae toe 
une 8 = mane 


Figure 12.18 isa scatterpot ofthe planetary data There appears to bea stony 
‘cued telah between dutance fom the un ad period of elton 


LE ‘egupton stow he resets owe iret strmatin ote drt 
gure 12 19( pts theta logan pri gais tance rm the snr a9 poets 
ure 12199) pts the mstaral ogut prid apanst the nse arto dance tom 
‘evan orth ponte 


/PGURE 128 (a) Ascatts per veru detrce A sctepet ot ping veris 


Wo maga 0, 

ier og nn 
sin pron A 
inte wer see 
‘eotbanes 
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(3) playa pu made! ne roves or spo despite tins 
‘eee pred train dates rasa peer se 

(0) Maia xp rnc rere as ote rattomad dita nF 12.15 6 
‘Seven Govt ean oft eas ques esi Ie Be sree day ares 
pase 


ox sated 


= 8.000093366 1-53 


(e) sey mae om prt) ores prde tion rg hi 
'31500.000,00083,000000 = 10215 A nthe sat Shower 

(6) Ares ot tena represen art (hoe below Do you pet erro 
‘pet tbe ahi elo os ight Js rane. 


(0) Rescate ves dunes cerca se a ent nee td 
es beapppi ewe pr tiered mss tac ato item, 
(esant pur ae meee opp 
(0) liperid) = 0.0002544-+ 1 48806 i dstance) 
(c) same dace om thes 12 15 le sae dance nar mel 
frome ae 

gata c0cmset + LAnmeangion1)=—4900 
Tepes hep web eimai 

Fea 1032 0 

eset ene Eo mast tn opin cea 
(Esra btau 558 hea tear of her pee 
eres pst Sane ta) ~ Pedder he se 
Seslepctow peace 


For Practice Try Exerie 43 
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“Hoow do we find the power model for predicting y from.x? ‘Theleastaquaes 
Tine forthe transformed plane dats i 


igparnd) = 0.000254 + 149980 ndstnce) 


we use the definition ofthe logaitum 2 a exponent, we ean rewrite this equ 
‘ion at 


Fal = eae 
Using proper of exponen, we ca simpli hiss low: 
Fabd co. emi gh fat at be 
period = e202. hate? sing He fat tht ph 
=1000254idstne) iy feat Bate 
“his con now the far form oa power mode y 
Tost and b= 180. 
‘We cou we the per mode to pret Ex pra freon: 
Fad ~ Load 02% 10a 
This the me prediction we crwth al the my gee, 


ut, with a= 


The seaterplot of the original dats with the power 
‘model added appear in Fagste 1220. seems rematk- 
ble that period of revolution is lonely related tothe 1.5 
power of tance from the sn, Johannes Kepler made 


this tascinating cower many years ago without he aid 
‘of modern technology —a rest ows a Kepler's third 
iow 
TOS HBR Se SF "Now its time to put what you have lared to we in 
ome at ‘acing he following Data Exploration 
FIGURE 1230 Pantry da wh power ml 


1 DATA EXPLORATION It’s a matter of life and death 
‘ne od at ot fe ht weal de ome Many al plan head fr 
Se ewota pong by pcg hfe ones Man eet per of 
Ta eet hae tre ort cotenge oaiet 
to mc We (bee Me, wie then late speed 
Smee f yes meh pyle aes gr Fey 
soak foal Ge ences canes ts 
Sgr When heed penn css prpect made eae 

aay member or ae benefice 

Th mens compen ow mucho cag rie 
termes’ They eh on a fh aed sci eope 
Wier peby. ata Sel need hones 
Tein peau: Fran na ho wots by tue, 
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‘he premium wl depend onthe ype and amount ofthe policy aswell ason penenal 
characterises ike ae, x and health stats 

"The table shows monthly premiums for 4 10year terme insurance plicy 
worth S1,00,000." 


‘Age years) Monty premium 


‘our lie Dat splot nt chore among te ple mal or 
rently rey ponte fow gp Cpr fed er be cred ds 
Ee open! tf Toe tena of he ga ta tah te 
hakinlmiaieotikese 


1. Use each model lo predict how much a year-old would pay fr nich 2 
poly. Show your work 

2. Whichof the thee predictions do you expect tobe clones fo the te . 
‘monthly penis? Joti your act. : 
3. What ype of function— linear, power or exponentil—best describes the 


relationnip between age and monthly premrn? Explain. 


We ae med static sfteate todo all the transformations and near rete 
‘son anaheim this section so far. Now lets look at how the process works on 3 


‘iphing ealnlatr| 
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TECHNOLOGY CORNER Transforming to achieve linearity 
‘on the calculator 

‘Well meth planet dts tsllstrate a genera strate for performing transfor 
‘mations with lagarahanson the TES3@4 and TE. A slr apprach could 
be sed foe traning data with powers and oot 

* Ener the values of the explanatory arable in Ls and the values ofthe 
response variable in L2/t2- Make asatierpla fy venus. and conf tht 
there is cured pater. 


‘Define L3fiat 3 be the lgari (hase 10 re of List and Lait 
tobe the Iga (ume be) of 22 To see whether an exponential 


2 linear patrn & presen, calculate the equation of the leastaquares 
seen in sd tne in 1 ee ee ee pee ce 
mand neg ee 13.24, 


“Constr teil plo to look fora depart from te linear pater, 
For Mist, enter the list you used 2 the explanatory variable inthe linear re- 
‘g7enion calculation. For Vist, se the RESID list stored in the caleulaer. For 
the planet data, we sed Ist 3 asthe lst 
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prediction fora specif value ofthe explana variable x =k, 
 egenion equ nV by changing log. oI, ppp 
se (fo btn the predicted va of log orf. To get the 
al of, we 10"Ans oe” Ans to undo the lait sso 


Note The clculito’s Espkeg or PwrReg command wil give you the esponen 
tal modelo power model thal esl rm taaforming the data with pans, 
fit 3 lest quaresreeremion line tothe tansfrmed dala, nel then uno, 
the logarithm Hansformation to get back lo the orginal vatables, For instance 
here the result of exccuting the comaand rerteg 13,12 forthe plane da 


Ing dat to achieve linear 


Do Longer Drives Mean 
Lower Scores on the 
PGA Tour? 


In the chapter opening Cate Sty (page 797), we eamined data on 
the mean deve dance (in yards) and mean sore per round fora 
SRS of 19 ofthe 197 players on the 2008 PCA Tour. Here is some 
“Mirah ontpot fom a eas-quaresregresion anal om hese data 


Preticeee ct steel or 
deg. dixtance 2.07016 sous 53 9.265 
5 s.cunpse Rog = 22,18 Roagiadt) — 6.98 


Do the dl ge coming vec ha the pe fhe poplin ee 
Sovlne epic Pome Balto we low eee prove 
SATE: We wnt proto 
W390 
Hoaeo 
were the acl slope othe een ie pediing ean cr fom 
‘nan cs ral pyr on Dn PGA Ter Bob line 
iret wel = 0, 
PLAN: Weedon eet wes cay ou eth se 
* Umer The step mpgs that thee a wea ee er 
‘trp between tien ean ean tance poplin. Yah 
‘a ay eel one 
“inkgeit h eal oea n a 
bc ndepenen Bec wee sapling ith 
Teplacemer we ned chee te 10% cone eve ea at 11) = 
{paper oe Sn Foe 
+ Nonna A big te rio sng pest and oghy mei 
+ ual atance The rel pl hs that he scar of panto he 
‘egestas as, 


“© Random ‘The data came from 2 simple rancor sample of 19 players 

DO: ‘The compute egremion output eve the esl mn a twosied test. 

“ Teststattic ¢= 153 

«* Pakue Using df= 19-2 

om. 

CONCLUDE: Because the Paalue, 0.0725, i greater than a =0.05, we fl to 

tee We dt ave ough ene coc tha ere eve 
"behecen average drive dtance and average score inthe 

poms el 9 panes 


the Pre for the enesided test i(114502 = 
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Remark: In ft, the population rgresion line fr al the player onthe 2008 
POA Tour i 4, = 71.97 — 000367 So there i negative liner relationship 


sizeof only n= 19. 


Summary 


“+ Nonlin sata betwee to guia ables an matin 
changed iat lars talaga he 
Srl: anfermann patch eee en ete Wes 
Ahk dat he dats ae net yee tnt ates ede 

+ Whe ton cee mt da hen teen 
‘arabe elles power modelo fy =a thee wo 
‘nro ing poet atl ot that an iene 
pater neater Option 1a th ales ofthe expat 
‘Sree per, thn lek top a 9) Opn Take 
Wie ot te es ee en ana, he kt ap 
of 0p 

+ nln ode the frm y= +b, the als the rege vibe 
2 psd by sont st ah a 

“spinon vnable Fora exponential model yaa 
the peed ater the expen nee lipid iy a on 
frat each cen of ne ihe expat abl. 

Ane state fr eighening ced paternal a 
tetra efor wie! Teach ine hn he 
‘lap etn ro able lms exponential del pa he 
rane ref at Wp er 
hele between toa lt log} nyse 
(hese es 


'+ Once we transform the data to achieve linearity, we can it eastaquares 
regreon line to the transformed dts and we this linear model to make 
predictions 
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Sa Exercises 


55, The winging pendulum Mex Hanes 
peeled la elles dato he ent i 
entice) ofa pendlur ad he tne rom) 
the pendula tk to complete one ack bth 
sit elle spn Hew are or dat 


angen) Pog 
“sa 
ms oe 
ms oa 
ms oom 
ms tm 
ms fom 
Ms um 
mst 
os 
re 
us ans 


(s) Maka ema cote snc fb eta 
ty ning et capone 
teres acd 

(5) The tort ami been 
hint gh ending 


on per 


hee gn vnatant epeeing the aceon 
tht iy i he meg = 980 ed) Ue the 
‘pu em oleh te arson Bat as 
‘alte lterce he ewe pars pt 


(e) Use the allowing pap ode the aor 
[ong arene (arin empath 
‘pat a 


Bo ey ies hey non 
Fetal ee optional 
pac ep ta comta epee, re 
‘Se times valence acon (in abel, PV = 
‘Stadt clleted the flowing dats ow peste and 
velame ung stings and spree pole 
seni chet) _ Fea opera 
rn 
2007s 
1508 
ine 
1500 
1300 
12a 
20 
(Make « emenably ect att fhe dele 


Wo hadi leno replay erie 
A yor 
(bt tre rlaiomip btn the prone 
sd ole the pasts PV = wea ae ath 
‘hese th cgmton by Vi hte tort 
‘adel P= EN, ee P= KUM. Use he pap blow 
‘ey a aetna es ed iene 
thecal poten pet 


heazcsee 


(6) Use he gap below toe he tee 
th tht waned cars Se cared pater 
pa) 


2 gt 


‘The eninging pendulum Rafer to sere 3. Hore 
‘a Mntab ett om pater anc of 
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Do che String rl rons 
Oar cept oe Ieegeregesior 
Ine Define an reer you me 

(Une the model orm pat (a) pet the period 
ofa penta when Ml entmeten Show 
sonoek 

(e) erp wal fn conte 

Boyle's ew Reet to Escreise 4 Here Mita 
pt om prt een nae of hee 
‘tal eamdmed posure dae 


‘maaomatn seg PM) 


cout aE cout 


epee ores alerts tint etme aa 8 
“panomston ge. rsh 
Predictor cout aECoeE TOF 
ae magiady) = ne 
predictor cout ae cool TP 
SS sean sq = 100.08 R-sq(ad3} ~ 100.08 
“munsomston eqn pee) 
fg = 99.38 Rsgiady) ~ 99.08 


Deca fhe Slog fr th rnin 
(a) Cie the equation fhe lets rerein 
Ine Define an rebleyou te 

(0) Ue mee np (a) opt 
paca thr gy etn dere ake 
parame 

(6) Iekepettic loeaf vin conte, 
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17 Killing bacteria Espone marine Batra Kemps 
Fortine erode om [Yo 18 mites Her are fe 
umber of ring bctra on andeed) on 
alte pte freak exper me™ 


‘met_coumty —_Timet_ county 


= 7 
m 2 os 
won 
s 2 & 
we os m 
o uw 
oo 
o 

reasonably accept the 


Say ands me he explana arb 
pee ea Te 

(b) Asean ofthe atl lait of he ——S— 
fume af ring ctr ens tne som ) Mak renenaiy acco eae fhe 
tet Ral ons op sapae wy weber he explana arable 


‘entonable ute an exponential melt eerie Deere wa you ae 
the relative cunt fete (0) seaport fight 
time tntemiay ver dep sw kw, Raed ti 


(Mua ont fr ne ene aon 

tthe enorme dat bw Je) Mata ony om lea regen ara 
(ot he tafe deta shown blo. 

predictor cool st col TF 


8 a-5yla}) ~ 100.08 


ers | 


”. 


a 


(Ge So oc of ec chp gp me m= 
[Revue to deine any rarabler you me 

(d) Use your mol opt eat tert at 
Aleph of 12 mater The sta eb nema cine 


tha depth mes 152 mens. Dac ti rpc ou? 


‘eye rin Hm the eit fa 
sual on eae Be west bd? 
[Resear cllested dats o the brs weg 
anal ay weigh ogra or pce 
‘Tmameals™ The gre below 94a of 
‘he lgurabnf brarwegh apse the lar 
fad weight oral 6 pees The es pe 
‘eposon lin rhe amber at 


gy = 101+ 072s 


Ado tin an me oe ety cere, 
ser pple ik hase aplcennal ealed 
Saute o Bifano nthe tie Nerve 
‘awit eel be bn 20 pnd 
17 gar: How a Bigs? Show your 
chal eat 

D re biome I ca mee 
the dae treat boghofeee Ws ho 
‘mene the al aboveground ban” fe 
benno th you ma ut nd wag he ee 
“The oman portant for ten ocr. 
‘ode. Combining eon 375 ee peal 
‘an eat res i lap Beers amma 
‘newt lr ad asi eared 


fey = 204242 
ethic tithe nea fe topic 
tee 3) centre imate Show your mek 


(Cotmlingernires Kooi edn abo 
es bec ikiepateee One otis cyber 


(0 Tie ening pepe he rt 

Slat tein foe dite Wl a 
ell ar peril pov beter 
ae cep chee bye 

babu” fst our same 


od 


(a mead gee ede 


Here aS agit of detalles! pont 
wile elec ome 


tr =e 


aS 
ttt tone a of es " 
orniteie 
Siacseaseas 
era 


readiccor ot or oF 


yiady) = 03. 


(c) you model mpc b) pee te 
Sains oft on oach hr bye 
{192 5 agama Shoe your wok 

(@) Arosa plot othe ear peo in 


(by shore helene Explain what ti 
Roce 
2 


(11 Mit tp ew seer entero 
the tarred dts lo gh ver sence 
Serer crates On tie pepe 
Temtaqure rei ie Be set dein 
pose apd 

predictor Soot 


(c) Use your made fam par (bo pdt the 
Highest ptt the bal ace on teenth Boce 
Shim your wk 

(d) Aral plat ic he inca regen pat (b) 
Inshown below Do you expect our a 
(c}tube tw high, ow ew at gD oat 


Gaia Cl te ion by al 
img bl donne He wiles does 

lis tnntl el tee of ts te a 
- hon tte lo 
The hcl The op a the sp wu paced ent 
fee A om a te gt ap 
sad Cable nme i neal ae 
Th bal mele kre tthe Bao Hae 

Cals du (We wo iy odor ete 
sevnrencny ans ales wed te are 
veneer 


a 


) Ma a ppp mg pg 
Avnet colt ng Ea 
purest 

(9) tenon i te 

Don ie atone tm ogi 
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ee bli mitepenttelo leva ewe 
‘ed Jy our awe 

(e) Peer et agua rerono the ane 
Semele Gir os epi ps rape 
Ie Debec any wri you ee 

(4) Use you model fom put) a predict the 
Ierzntldatance al would tne the mp 
‘ght es 70, Show your work 

Heat weight of manna Here ne some data om 
she hear fen mammal 


Lang ot cat ot 
wana wep (gums) _ vero eine) 


cs 
20 
=~ 
0 


Feboeg tal ibs ere 


or 
That yar 


{0 Rete etapa rein oh het 
(Give enti of yo epenon 
rayp aplrh marta 
(4) Use your mode fom pat) opt te heat 
ih shaman bes ate ence 6 Seen 
tect lang, Show yt ork 
Maitiple Chie Select the be anaver for Execs 48 
ry 


15, Seppe hal the math ee ep 
see y arden cpl vars 
Secceligy 2708167 Which fe fling 
pe ral appanage 
= 


(a) Aplot a yap x 
(b) Apt y apt lg 
(e) Aplot ology arial 
(4) Alot fy agin og 
(e) None of (a) trough) 
oes 4 48 fer othe folloingmtting Some 
Iai ocbou phys stdents dropped ball nd 
speanred the dance len i entice) a 
‘estes in aeons tle elem Uy have 
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stated ply then you probably Ew ta the 
Picea pevveaticdne tneekvsry 
Atance #80 Aseuterplt of the sedenk? 
(ste showed x lar ured pen: 
46. N68 econ eleme, heb ad len 
2 enteke How ach more or on he 
inl an theta del pecs? 
(3) Move by 26 576 centinetr 
(6) Me by 6176 cence 
(6) Nomoreund nol 
(@) em 225576 certo 
(e) Lewy 6176 cemimeten 
1 lt angi man ead 
inca th lip? 
ine Ue dstnce? Wh Vian 
(0) only (6) Mlonly——(e) Yam Moly 
Gey ET 
shat och th iw sa 
ms lane pte 
(a) te, tance) 
(0) tte) dtu 
(© tie, ntane) 
(@) date, tine) 
(6) [tine ine 


0 han 1332.64.29 tanta 
ree peroneal 

Giese oases 
creas leper 
= 
eon eee 
ee 
ae pee 
eo tice 
Scheer ee 
peer error eed 
Mena eeteaee 
eile rt 
oe 


50 Tate (42) Wt een 1S a ane ne 

Spas 
me of 0 dd mary cg, 
1 ped mp Repo tc 
eeapaeniy are 
pps ees eerste rm 
feat epee came 
[sir iether rare 
begpepi a ie enn 
eklots etre rr peptic ak US 
‘veiw a 


Fetes nt 
fetyiateeetoarm 
oe ern enor 
pera, aera 
Saieeeineeey 
Sateen 
Shea eer, 
Soheci 
es 
pena 
ott ees 


ceeneeeee 
ater 
rake 
earn 
mde eens eeh fey 


(b) The AP Sut lam bleed tha exe ight 


oO: ake on what id of oping et 


beperai diferences nthe each 
sr the hd laos neo the jet are hl 
they tht What rpg che wold oe 


i et ep ane 
Scanned erin 
5 Ta (2.02) Othe ee pd 
5m at thy hoe ete 
(o) Comin and ude 05 wee 
Sao healt orion he 
NPs eh weal oy tye 
(5) strat pve 
ele tt prin ot 
Paeeneriienenrnte 
Fi eat ah oar er 
(ese hence ped 
lay ind th el 
Pres talrtnbyspeairiaees 24 
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When a seater shows a sightine eatonip 
between an esplncory tarable and 3 resort 
canabl me olen 3 lea aio tne 
Ie dese the seltnahip and we th Ine pre 
Git y fom Satta ference in the repeson 
tet however, eptes ewe on jatar eal 
Tne plterona eto Section 121 exe 
ine fr ereion 

ie regen roel ays that there i 2 te 
staghline laos bebe «and the mesh 
teams We analy 
tie) repreion ne 
thatwe doatuane vay ie ae seve abnor 
alte sae «The tegretol egies that or 
{ny fad the roporbes haves Nora dtribon 
Moreover, the saad dvtion o ofthis dt 
tort be these forall les of. The nad 
Aevatono devebes ow sch vation thee 
tesporses y when + eld fed Since we wily 
thant brow 0, me tne the tana! deviton of he 
tek Westin 


We can do these pps of inference forthe linear 
reqresion model 
‘= Give confidence inter for the slope Jo the 
population (ruc) regres line 
‘= Pesfoma significance test about the slope ofthe 
population rue) regression lin. Mos atlen, we 
tet the ml hpothess that he slope i er. This 
Iypothess that straight-line relationship 
between «andy of no value for predicting 
In Section 122, we lemed how to use transforma 
‘sors to straighten out curved telaionships belween 
to arable I thory or expriene tet that data 
shoul follow a power modelo the form y = at, we 
‘ca achiev linearity sing powers or rots, I ost 
‘cases iwoling nonlinear relationships, inchudi, 
‘power modlt and exponential model of the form 
Y= ab, our beat bet st take the logan of one of 
both variables. Once we obtain Tea eationship, 
see ft 3 eas-aquares ine tothe tanormed data ad 
‘he the esl Tneat model to mabe prediction 
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‘heen dg lp ie pnd 
12 lth of lp Rn Iran ie 
for prt rbd om efor ach 

Bi RZ i RL rth olin eating he 
Porsenna ei ey ere 
‘etic ralph et Tp sy te od 
fohck wl we ah ge) pge d 
Ber ererysir ee a rare 
praspoes phere rey ar] 
Eile ay tel On ae 
(Se he iol ake ln) nts 
oy et a) eye a 
peepee mer aps-enr pera 


tend ts cet ar wet or te state the poe, 
Avcaerplet tetas bon 
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A leatagares sereion anus was perbrned on the 
ats Some ommpeter oupet ad rentnl plot oes 
eke A Normal polity plot of the mathe (nat 
shown) oul nea 
‘ulemoss 278078 
= 56.3601 Hong = 08.38 R-ag(ads 


“+ arp computer upto antares rpion 
sul 


RIL. Cat sbi 

(a) Desrbe what te watt you so the 
‘lanai between ide al Wack nd 
satel. 

(0) Rin She ton of a eae ee 
son ine? Dee yaa you 

(©) One af he einen henge had «wall 
Peat ecko g ey dane 
forth der or 1088 er pr cond. Ds 
the epion he tn pt (0) mre oe 
seep he ete vy fo a ede? 
Bho mach Show yur we 

(ara enn bh 


tow wi 


(©) Ticpeteadh ott 
(These 


ty 
tine 
th The sanded en te ope 
+ Pema sites laa oe ot pope 
rue) regression line. 
R22, Cating sami De tse stn poe om 
seg ees ofa nightie teers 
in al pt chy ise pln tp 
elm sty ot Catt 
Sputcene inthe 
+ onsractan gtaanc nr be 
Sipe Jl epg  gecn re 
2103, Cotng shen Coed sl dope 0 
{1 coer heel te dope fe pps 
fegesion ln Expt be isch ena 
oentnol Eee IDE 


FRecbnon frm Se Mens ite of Tek 
(chisel as fen ok pe cmp pie ye 
Sep tee A 


125. git nent opie sla ny of 
omc a ot ced bys ser oon 
ie rte hpi de 
So er Na tse (ee a 
Satay hs Etcetera 


(0) Da he ranma sche ney? Ce 
opty pees 
1b) Week yow pet or emi « 
Metin ene af 1 et Stee 
pester 
+ Unetramatcr nceg out 0 in ey 
‘ora nor bo erate 
+ Dern wich! el ana oe bata 
‘svazing nar atorhe 
WIZE, An cape senda deci the 
lit of pace tine intro) om he pore of 
‘teal wens ele. Hee Phe 
a 
Speingnet 


« 
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Shh eda pet Bee eae yo 


‘Elin wy «net nel et propio 
Accor the lao beter practice He 
(ed perent of wend relied 

‘Wen Fat tao the data ia hope 
closing Ineanty. The scecn sh blow 
Scroll we deren tnnormations Would 
(erecta all or a per model debe 
‘crop baie? fy your ae 


{ete me yo cam in at (pet 
melee or Bee ef pce Sw 
ee Sa out 
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Chapter 12 AP Statistics Practice Test 


Section I: Multiple Choice Sele the bet amnver foreach question. 


TILL. Which ofthe flowing mt one ofthe conditions 
(hat oust bese in rer perm ence abut 
{thealope of eastaquaes expen? 

(a) For each ale of, he population of pales ix 
‘Newly dated. 

() The andar deviation 2 of he population of pstace 
‘conerponig to patil ale of fms the ie, 
rerun af the ypc vale of 

(6) The ape sie—that He amber of aired es 
‘atoms (ered 30 

(a) Thee ex aright Iie y= a + dena that or 
cach vale fhe mean ofthe conespondng pop 
ho yates a te ie 

(6) The dat some fe and ple «ado 
inal experiment 

"TI22, Shinty natin cla dew cena vary 
ig dame and ete rw many Cheer ould Be 
place nde ee The veep saws he ren 


“The ssa want te dcemnine on pps eatin 
Gor the relalenhlp beeen dace wel the saber 
fhe Te dn te 
sires epee i: Which fie long gfe em 
ermatons mo be anmable for them? 

{Te th apie oe of ae ber of Cheri. 

1. Cab the aber of Chee 

IL Take the lage uber of Cheon 
Take the hg ofthe deter. 

(a) Land (e) Mand 
Tanda) Hand 1 
“TIA: fleeces tthe Be Lenker 
sale ave on whic of ie lloetag tee? 
(a) The  dtibaon with — I degrees of feos 

(6) The standard Normal dstbotion 


(e) tana 


(0) The ht eto with — degen 
foie 

(2) Tosa wn— 2g eee 
(0) The Newel arson with mem nd teed 
pas 

sein TT24 thegh TIS fe the ling tis 
Weatapeg eg ts te better ie pk 
‘sta ise 
elegy anes ered ae 
Seg eney Toe tn the ce, rn 
Sct spl ff te meal 100 les ote 
FGA Tots wed ey Ut we etn The wee 
see is pre ne a lin 


Kerth pretam um ae wooded A eater 
‘nine wr Bed the date Te lowing ran fre 
‘dete rm tate bea 

readteter Coot at coat To 
Sop. Putte “atopi98 S497 . 


anv aq 


agiady) = 7 


TILA. The coneltion betyen otal wnt and ve 


ge ofp pl thee payer 
(a) 0285.) ~007 fe) 0285 

() —0ost. (a) 00m, 

ms. that the reacher fot the Ips 
Hed = 0) Tia <0, The salve of the state or ths 
G26. aos fe) 2028, 
(2m (dy 244 


“TILA, The Paaoe fr the fot in Quoin TI2S 
(57. core nepali of ths el that 
(a) the probity dat the nina eli 
Taker of pate por fake nd 
sang th 9 play aS 
{See ee, 
Sec ene nor of pape 
sean ra players he PCA Fors world ney 
iawtos, 
{e) ber a neat cation htwnen eg 
ber of pt ele md tl wits the ple 
Se Relieve ld 
sepeni ine with 


pct lenge 
SET Asloseion atest 
(2) thee & me Une —— 


es pte eal ing ipapee 
(the PCA Tens wed money Tt, the pri of 


ting «rans spe of players ha ice «et 
Sue ersten ine wih lpe of 4159198 ree 
ohne 


(6 he probing Tipe Heer 087 
‘TZ, N98 confer nel the pe 3 of the 
Pps open ex & 

(0) 7Ag7 19 3028792.) 49008 = 3.3807 
(h 7971 £67 SEH) 1 IN8 HGH 
fo) 4179198 1695371 

‘TEA. Avda plot om he ent aac enn 
thor belo Which of he lowing semen 
pore by he ph 


iin 


“eae Pom pe Hana 


(s) Theresa plot canta tate eine ta he 
ended deviation of mipamee alu Ue pope 


‘enlaces eg rab 
ond erenes bra nt 


(by Then of he eae at Oboe thee 
‘mao er mer. 


AP Statistice Practice Tet 797 


(6) Ua the repenon line treet plage oa 
co as eee area ieee i 
‘a er ee ta 20,90, 

(@) Fer to ple the renin line ender thir 
‘Stone by moe ee $50 

(e) The read! plot evel aston pote eomelation 
etvern avenge pl pe tod ad preion ero 
on fe a apa be rte pe 

“TI29. Which of the loving wold provide evidence 
hat power lev le othe my =e where BD 
fo 6 deci the relat bee espe 
Seb ycad a apa ec? 

() Ascateplt fy eu lnk apposite iea 
() Acct yer Tk apponimatly ine 
{e) Atel ay en Tks ponte ea 
(5) Resp ny en ek pit 


(6) Nanette 
‘T1210. We eco! dts onthe popula of parla 
yf 160 fo SO. A etopet evel 
‘Sire dato recs popuiton andyenr Hee 
Trea font elon 
‘ower the part fe 10) ot poplin and 
ear The esque ees the honed 


ie 
fog popeiaion)= -135-+0.01 (ea) 

Bas om this eatin, dhe pain af He sun 

the yea 200 dhl be boo 

(67. (e) S00, 

8) 670000. 


(o) S200 


‘Section Tl: Froe Response Show all your werk. Indicate clearly the method you we, because you wil Be 
aed on the convetne of your methods at wel a nthe accuracy and eompletenen of our rel and 


‘explanations, 


"T1241. Grows heer ue ofc wd incre tae 
sneiehtramefchicere nan expert ne Scnckers 
Fre diferent does of oth bormone (0.0, 04, 08 ad 
0 lita) ee eked tte ebm (eich 
“soranmy warned each dene nd the wobegicnt 
ig ounce) was recorded. rece plate 
oe ks ts ar cheap open ld 
Computer opt for + fen ure econ anaes 
fo thee deta ve be 
eesqiady) 37-7 


Po aase aay 2, 


(a) What the eto fh lea aguasereprenion 
(Gs tee deta? Dane ny sible 
() etre each fhe allowing ene. 

(0) Theslope (The std ear ofthe slope 


(a) Theyinteept (= 
(ae 

() Anume fat the conditions Lr peony erence 

‘oot ope Jofthe te remanent De 

thts pe cemeieing ce ofa net slic 
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‘TIL, Fete ae itrstef eee 
cf nal ber dey cam bret Eon yan x oper 
‘They collet dla he dancer af bet het (DB) 
(ches nd the el bad tof dn see of 20 
‘perm pine es Hat have bc arse (Nate at 2 
ud fol defined ar pee of aor 1 nt by 2 
Inches by Vick sett fe dat show belo: 


Sam smut natn ae pf ae 
Bese eet! 


redtctor cout aR Coat Te 
bm (inchos) 11.0483 0.8782 18.19 


{5 = 20,2300 feog = 98.38 Roagiady) = 


(2) taking he i ytd eee 
tig i tern 
Scie compar eat td «sea 


Testlech ofthe re pnils mgenbe wich lw 


(Opt 2 Tang ta pst of yield menses 
predictor cont mB cost TP 


‘im (inches) 9.332437 
5 = e.zn4nse wag = 96.18 moagiady) = 


seebprece 


i 


(hs) Use beth enol  preiet he amount of sable 
Ieee fmt a Pero pe wih mer 30 ees 
Stow yom ve. 

(ey Which of the predtions part (b) seem mae 
‘eEAAL? Gin pein viene pet or chin. 
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Cumulative AP Practice Test 4 


Section I: Multiple Choice Chom the est are 
APA. A major agricultural company & ting + now 
fancy ofwhea a dtemane wher = more mann 
‘tain meas an the ment when wey Te pos 
potion os ervent wheat rep ob eect 4%. Thm, 
The company wakes at hc blowing hypothe 

Hp = 004 

Hep <004 


Which of following igloos ees and mp 
would eu te highet power fortis eat 

ent enna 

Sines 

cares 
(jsasmonteaal 
fscsmodacals 

Arc ts an A 052 oon At 
tert 

rena wean 

ian man 

(he pn eet eed is 
information ae 
APSO i potter oe 
ee rutin wee a 
Sas cies te meal boo ee ca 
TET 
ie egret 
ee ates eee aa 
Mv eed tes aes Wenham ee 
[epee etl 
peptone 

1) Thon fhe sn 
Pieper ated 
pains agen ae cada 
Oo Teen O90 Te i 
Oren tkea patina 
ig Trenton nO dst a 
icrrgussiieaaenesansonees 
Pep cele reper 

Py eae ery erect 
oan tpaciteage 
{3 TecontiesO0N Teves age 
[Ek ergot eel pores pear 
Beta Te tad ot pe ci ee 
See cia 
=e 
Pesiperspeye ie aebretiarreatncy 


(a) oo, 
aa 


fam 
@az. 
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